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EDITORIAL

Interventional neuroradiology of stroke, still not dead
Vitor Mendes Pereira, Karl-Olof Lövblad
the latest interventional techniques available today.
So, while these studies may have raised some relevant
questions, at the same time, definitive answers have
not been given, in our opinion.
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Key words: Stroke; Interventional neuroradiology thrombolysis; Magnetic resonance imaging; Computed tomography
Core tip: While intravenous thrombolysis has gained
wide acceptance as a major breakthrough for the acute
treatment of stroke, interventional and diagnostic neuroradiology tools have also evolved at a very high rate,
providing us with very sophisticated techniques to
demonstrate brain tissue damage and revascularization
techniques. However, these methods have not been
evaluated properly until recently and have been adopted
quickly by part of the clinical neuroscience community.
A number of recent studies question the impact of these
techniques.

Abstract
Since the National Institute of Neurological Disorders
and Stroke trial, intravenous thrombolysis has been
gaining wide acceptance as the modality of treatment
for acute embolic stroke, with a current therapeutic
window of up to 4.5 h. Both imaging [with either magnetic resonance imaging (MRI) or computed tomography (CT)] and interventional techniques (thrombolysis
and/or thrombectomy) have since improved and provided us with additional imaging of the penumbra using
CT or MRI and more advanced thrombolysis or thrombectomy strategies that have been embraced in many
centers dealing with patients with acute cerebral ischemia. These techniques, however, have come under
scrutiny due to their accrued healthcare costs and have
been questioned following major recent studies. These
studies basically showed that interventional techniques
were not superior to the traditional intravenous thrombolysis techniques and that penumbra imaging could
not determine what patients would benefit from more
aggressive (i.e. , interventional) treatment. We discuss
this in the light of the latest developments in both diagnostic and interventional neuroradiology and point
out why further studies are needed in order to define
the right choices for patients with acute stroke. Indeed,
these studies were in part conducted with suboptimal
patient recruitment strategies and did not always use
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INTERVENTIONAL NEURORADIOLOGY
OF STROKE-STILL NOT DEAD
The position of diagnostic neuroradiology and interventional neuroradiology and their role in stroke have
been questioned recently by some randomized controlled
studies[1-4]. The role and position of imaging in the diagnosis and management of stroke has changed extensively
since the 1990s. Overall, stroke and its management
have changed drastically: while initially patients were
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considered to be future candidates for reeducation if
they survived, with new advances in the management
this perspective has changed considerably. Indeed, the
concept of stroke units where these patients were seen
with an emphasis on their acute disease has already improved their outcome significantly. Then, thrombolysis
was introduced with groundbreaking results following the
National Institute of Neurological Disorders and Stroke
trials[5-7]; initially this implied a rather strict therapeutic
window, as well as the sole intravenous administration of
drugs and with the presence of significant potential complications due to treatment, such as hemorrhage. Thus,
strict guidelines for the management of patients with
stroke have been developed in order to improve management and outcomes[8]. However, during that same decade,
the radiological side, both diagnostic and interventional
techniques, evolved in ways that were important: in
a period of a few years, we additionally had diffusion
magnetic resonance imaging (MRI)[9], perfusion computed tomography (CT)[10] and additional interventional
procedures, such as local intra-arterial thrombolysis[11],
followed by mechanical thrombectomy and stenting[12].
On the one hand, dramatic increases were observed in
advances that led to an improved understanding of the
acute disease and eventually its treatment. However, while
the initial results were encouraging, their use was also
more time and money consuming, all without real state
of the art validation. For anyone who has been involved
in the management, diagnosis and treatment of these
patients, it is important to know that we saw advances
in a very short period in patients where before nothing
was expected. This also caused a shift from stroke being
a globally managed disease to one that would be more
reasonably treated within specialized stroke units and
centers. Thus, in addition to a higher technicality and
cost, there was a shift away from the primary gatekeepers,
the general practitioners or internists, because if time was
more and more brain, it meant that these patients had to
have a change in clinical pathway for which not everyone
was ready. Therapy was moving fast, while at the same
time the scientific evidence was not and this was bound
to make the whole system collapse. Fortunately, we are
not at that point but the recently published papers in the
New England Journal raise some valid points while being
inherently flawed.
Interventional neuroradiology, different to medical
pharmaceutical treatments, does inherently rely on not
being fully standardizable; indeed, in order to obtain a
certain level of quality, a certain number of interventions
must be performed at the center to assure a good level as
well as the whole chain from the arrival at the hospital to
the post-operative management. Acute stroke treatment
is, in fact, a process that involves different disciplines, divisions and teams at the health network and hospital.
High volume centers mean that they are able to bring patients through the detection of stroke, diagnosis and
therapeutic steps constantly that imply increased effectiveness over time. If we consider a stroke treatment
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study, where the acute treatment is evaluated but, in fact,
the whole stroke pathway is involved, it is hard to imagine that low volume or inexperienced centers will be able
to demonstrate any difference between any kinds of
treatment. While a drug such as aspirin can be given by
any physician or nurse in a standardized way, this is unfortunately not the case with interventional techniques
which, like surgery, rely on expertise (relying on experience and talent) which is also at the same time difficult or
impossible to quantify. Thus, to some degree, per se interventional techniques are not best suited to fully randomized studies and are almost always certain to fail. We
did read with interest the two recent papers published in
the New England Journal of Medicine[13,14] as well as the
accompanying editorial[4]. What is worrisome is the potential message that these papers may send out: that interventional therapy as such is a failure in improving outcomes in stroke. The introduction of intravenous
thrombolysis was a breakthrough for patients with cerebral ischemia, but clinicians, investigators and patients
have been frustrated by the limitations due to the rather
limited time window and even associated potential complications if exclusion criteria were not followed. Indeed,
even with improved outcomes, a high number of hemorrhagic events have been observed with thrombolysis,
forcing many clinicians to look for another alternative
therapy that might induce less bleeding. There has also
been a striking lack of translation of the knowledge
about ischemic events into daily practice due to the failure of any kind of alternative neuroprotective therapy to
function clinically. Besides simple intravenous thrombolysis based on the exclusion of other pathologies, many investigators have over the years explored the use of imaging for the detection of still viable tissue and the use of
interventional techniques. Anybody who has been confronted with utilizing these methods has been able to see
that they have indeed improved patient management to
some degree, maybe not to the degree we would like, but
at least substantially. A further paper also questioned the
use of advanced imaging techniques to help identify patients using penumbra imaging in order to determine
what candidates may be best suited for another type of
therapy. This is an excellent idea but fails, probably because it did only look at penumbral patterns, whereas
when one looks at imaging findings, it is very often important to take all parameters into account and additionally look at the parenchyma (on diffusion weighted imaging or unenhanced CT) and the angiographic appearance
of the vessels; indeed, this last factor should not be underappreciated since thrombolysis or thrombectomy target the vessel. However, both CT and MRI have become
powerful techniques, at least for the exclusion of hemorrhage and the detection of an early insult[15,16]. Despite
the fact that both MR and CT techniques have been able
to provide more information than merely the absence or
presence of hemorrhage, the main role of imaging is still
central to exclude another pathology before initiating
treatment. Indeed, one area where the role of neuroimag-
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ing has always been more problematic, has been with regard to what we call the penumbra[17,18]. From a theoretical
point of view, the penumbra is a state of hypoperfusion
associated with synaptic dysfunction but not yet membrane dysfunction[19-22]; thus, this is a state where the neurons are not able to function normally but may recover if
flow is recovered. The penumbra that we see on imaging
with either MRI[22-37] or CT[38-48] is, due to methodological
factors, not a representation of the real penumbra as
most people understand it: instead of having a pure metabolic model, we have a model based on hemodynamics
and which has limitations whether one uses CT or MRI.
The validation of these techniques have been rendered
more difficult by the fact that most centers use homemade software that is constantly evolving[49,50] and, while
these limitations exist, the technique has been shown to
be useful. Indeed, very often, one can demonstrate a larger than expected area of hypoperfusion and sometimes
demonstrate other causes that may mimic strokes[51]. Interventional techniques can be time-consuming and
prone to potential complications but, if used early on in a
setting where the angiography suite is placed ideally close
to the emergency room or where the time to puncture
can be reduced[52,53], definitely has great value. Indeed, the
technique, since it includes angiography with direct luminography of the affected vessel, also allows direct visualization of the thrombus as well as vascular revascularization. Additionally, over the last decade, we have moved
from pharmacological local intra-arterial fibrinolysis to
more complex interventions requiring stenting and/or
clot retrieval systems. The evolution of these techniques
that have become more efficient, safer and easier to use
has been striking over the last few years. This is unfortunately the period when most of the randomized studies
were conducted in centers with low volume or with no
significant experience of interventional treatment (we can
see this by the recruitment numbers and the techniques
and devices used in those studies). Thus, it does not represent the results obtained with current state of the art
interventional techniques. These studies are a call to sobriety and show us that we should probably not be too
enthusiastic when looking at single patient data compared
to larger studies. We are, however, in an era where interventional neuroradiology is trying to become more evidence-based but in order to do so, it has to provide larger
series than those presented to date, taking into account
the very impressive technological advances we have seen
recently, and maybe then more encouraging results can be
produced. On the one hand, the studies are not encouraging but they represent the first attempts at investigating
interventional stroke therapies with state of the art statistics. What the studies maybe lack in “patient selection criteria”, they make up for in study design. Indeed, the recent years or months have seen a shift from aspiration to
thrombectomy using stent retrievers with a rapidity that
requires that they be taken into account before making a
final assessment of the method[4]. The fact that most of
the studies, including the recently published randomized
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ones, put techniques that are completely different into
the same basket. Recent studies demonstrated that there
are two generations of devices to date and their results
are completely different (swift and trevo 2). How can we
analyze data using those two generation devices together?
Or how can we consider the results of a study using techniques that have not been used on high volume and experienced centers for at least 3-4 years? It is not the fault
of those responsible for the studies as they declared they
had many issues in order to include high volume centers,
to keep a constant and unbiased recruitment, and with
many competitive studies. The high volume centers that
refused to randomize patients in the past are paying an
expensive price now that intra-arterial therapy is being
proven. This, in parallel with constant evolution in imaging and post-processing techniques, has made it difficult
sometimes to evaluate the situation in the way it still merits before being relegated to history. Thus, efforts should
focus on designing further studies involving centers of
excellence with a high flow of patients and where time to
treatment is reduced to a minimum; then it will be possible to obtain data as homogenous as possible in order to
fully appreciate the efficacy of endovascular management
of stroke. We feel that, in the worst case, these techniques
may be used for a while for more extensive clots but this
may be proven wrong if studies are conducted in a more
fair way.
Only when new studies have been performed with
more relevant study criteria (faster inclusion times, faster
time to needle, done in centers with high volumes etc.)
can we really appreciate the failures and successes of interventional neuroradiology coupled by modern imaging
techniques used in a correct way[54]; these paradigms may
require using many parameters in order to function correctly[55]. Only then can we avoid being too distracted by
the main problem we may still encounter, that the technologies keep evolving in this field faster than the evaluation, thus making validation difficult.
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Core tip: The aim of this illustrative report is to provide a diagnostic guide for soft-tissue tumors of the
extremities based on tissue signal and morphological
characteristics on magnetic resonance images.
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Abstract

MAGNETIC RESONANCE IMAGING OF
SOFT-TISSUE TUMORS OF THE EXTREMITIES: A PRACTICAL APPROACH

Diagnosis of extremity soft-tissue tumors can be challenging. Characteristics of tumor margins can help
precisely identify locally aggressive or non-aggressive
behavior for surgical planning, but cannot differentiate
benign from malignant lesions. Most malignant tumors
can have inhomogeneous signals on T2-weighted images. Although a uniform signal on T2-weighted images can be a reliable indication of a benign lesion, a
well-defined mass with homogeneous internal signal
intensity does not definitively identify a benign lesion.
Some common and distinctive soft-tissue lesions can
have specific clinical and imaging features allowing a
diagnosis without biopsy. These are known as determinate lesions. This illustrative report presents a diagnostic guide for extremity soft-tissue tumors based on
tissue signal and morphological characteristics on magnetic resonance images. It is important for clinicians to
be familiar with the imaging characteristics of common
determinate lesions.

The functions of magnetic resonance (MR) imaging
in evaluation of soft-tissue tumors of the extremities
include detection, characterization, local staging, and detection of recurrence and complications after therapy.
MR imaging and computed tomography (CT) scanning can be equally accurate for detecting the size and
extent of a tumor. MR imaging is more accurate than
CT for evaluating individual muscle involvement and
therefore can be the staging procedure of choice in patients with soft-tissue sarcoma of the extremities.
MR imaging is superior to CT in detecting recurrent
soft-tissue sarcomas. A nodule or mass with a mass effect on surrounding tissue is highly indicative of recurrent tumors. However, both the tumor and organizing
scar (or granulation tissue) can show marked gadolinium
enhancement.

© 2013 Baishideng Publishing Group Co., Limited. All rights
reserved.

MRI determinate lesions
Some common and distinctive soft-tissue lesions have specific clinical and imaging features allowing a diagnosis with-
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Figure 1 Lipoma of the tendon sheath. A: T1-weighted MR image of the right wrist shows a lobulated high-signal-intensity mass (arrows) located between the
palmar muscles; B: Fat-saturated proton-density weighted MR image shows homogeneous low signal intensity of the tumor mass (arrows), suggestive of a fat component; C: There is no enhancement of the tumor mass (arrows) after gadolinium administration on fat-saturated T1-weighted image. MR: Magnetic resonance.

A

B

C

Figure 2 Myxoid liposarcoma. A: Axial T1-weighted image; B: Fat-saturated T2-weighted MR image; C: Fat saturated gadolinium-enhanced T1-weighted images of
left thigh show a lobulated fat-containing mass (arrow) with an enhancing nonadipose mass-like area (arrowhead) on the left thigh, suggestive of myxoid stroma.

A

bursitis, and aneurysm.

B

MRI indeterminate lesions
An indeterminate lesion is one that must be biopsied to
ensure an accurate diagnosis[2]. Examples of lesions are
malignant fibrous histiocytoma (Figure 13), fibroma, fibrosarcoma, leiomyoma, leiomyosarcoma, angiosarcoma
(hemangiosarcoma), rhabdomyoma, rhabdomyosarcoma,
synovial sarcoma, synovioma, lymphangiosarcoma, malignant hemangiopericytoma, alveolar soft parts sarcoma,
epithelioid sarcoma, and angiosarcoma. Diagnosis of a
lesion suspicious for a malignant tumor should never be
relied on imaging alone. All suspicious tumors should be
biopsied (Figures 14 and 15).

Figure 3 Cavernous hemangioma. A: Coronal T1-weighted image; B: Fat
saturated T2-weighted MR image. The left calf shows a heterogeneous serpiginous high-signal-intensity lesion (arrows) on T2-weighted image, which is
caused by dilated slow-flowing vessels with methemoglobin. Some low-signalintensity pattern (arrowhead) indicates fast-flow blood or hemosiderin or calcification. MR: Magnetic resonance.

Characteristics of tumor margins
A well-demarcated lesion or a tumor mass with a capsule
can favor a benign diagnosis, whereas a less well-demarcated lesion or tumor mass with an infiltrative margin is most
likely malignant. Margin characteristics can help precisely
identify locally aggressive or non-aggressive behavior for
surgical planning, but cannot differentiate benign from
malignant lesions[3]. Clinical data always play an important
role in evaluating the aggressiveness of tumors.

out biopsy[1,2]. These are known as determinate lesions[2].
Examples of lesions with specific signal characteristics on
MR imaging are lipoma (Figure 1), liposarcoma (Figure 2),
hemangioma (Figure 3), ganglion and Baker cysts (Figure 4),
giant cell tumor (GCT) arising from the tendon sheath (Figure 5), peripheral nerve sheath tumor (PNST) and neurofibroma (Figures 6, 7 and 8), subungual glomus tumor (Figure
9), localized solitary synovitis (Figure 10), muscle tear and
hematoma (Figure 11), abscess (Figure 12), myonecrosis,
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Characteristics of MRI signals
Fat, fibrous tissue, fluid or cyst, and protein can be characterized by specific signals on MR imaging. Most benign lesions
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Figure 4 Baker cysts. A: Sagittal proton-density B: Axial gradient-echo images. The left knee shows a well-defined cystic lesion (arrowhead) connected to
the knee joint by way of a narrow neck between the semimembranosus tendon
(arrow) and the medial head of the gastrocnemius muscle (gm). Note that the
Baker cyst contains debris (small arrows in A).

Figure 6 Neurofibroma of the left ulnar nerve (split-fat sign) in a 58-yearold man. A: Coronal T1-weighted image of the left forearm shows a spindleshaped mass with isointensity relative to adjacent muscle. Note the presence
of the split-fat sign (arrows). Because the neurovascular bundle is normally surrounded by fat, masses arising at this site maintain a rim of fat about them as
they slowly enlarge; B: Coronal T1-weighted fat-saturated gadolinium-enhanced
image shows heterogeneous enhancement of the mass (arrowhead). Recognition of the spindle shape of the tumor and contiguity of the tumor and adjacent
nerve may suggest the diagnosis[6].

A

B

Figure 7 Neurofibroma of the right radial nerve (target sign) in a 35-yearold man. High signal intensity of myxoid Antoni type B (arrow)[6].

C

Figure 8 Neurofibroma of the left sciatic nerve (fascicular sign) in a
55-year-old woman. A hyperintense mass (arrow) with multiple small hypointense fascicle-like structures in the mass, representing the “fascicular sign”[6].

Figure 5 Giant cell tumor of the tendon sheath. A: T1-weighted image
shows the tumor (arrow) on the plantar side; B: T2-weighted image shows heterogeneous low signal intensity of the tumor (arrow) due to hemosiderin deposition; C: Sagittal gadolinium-enhanced T1-weighted image with fat saturation
shows obvious enhancement of the tumor mass (arrow).
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have a uniform signal on T1-weighted and T2-weighted
images, with the exception, for example, of neurofibromas
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Figure 9 Subungual glomus tumor. A: Axial proton-density-weighted MR image of the left thumb shows a small subungual tumor (arrow); B: Fat-saturated
gadolinium-enhanced T1-weighted image shows obvious enhancement of the
tumor (arrow). MR: Magnetic resonance.

B

Figure 11 Early subacute hematoma. A: Coronal T1-weighted; B: T2weighted MR image of the knee. On T1-weighted image, there is a hyperintensity of extracellular methemoglobin at the periphery (long arrow) of the hematoma (which is seen 2-7 d after injury). Note a very thin low-signal-intensity rim
at the outermost layer of the hematoma, indicating hemosiderin (short arrow).
B: Coronal T2-weighted MR image shows overall hyperintensity of the hematoma (arrow), exception made for a very thin low-signal-intensity peripheral rim
caused by hemosiderin.

A

B

Figure 12 Abscess. Axial gadolinium-enhanced T1-weighted image with fat
saturation shows a mass lesion within the subcutaneous fat of the buttock,
with a pronounced rim of enhancement (arrowhead), corresponding to large
amounts of granulation tissue. The unenhanced central area is a fluid-debris
cavity (arrow).

Lack of uniformity does not reliably indicate malignancy[3].
Low-grade liposarcomas (Figure 14) and leiomyosarcoma,
for example, are malignant lesions with misleading benign
appearances. Soft-tissue lesions arising from trauma (e.g.,
hematoma) can mimic malignancy.
On dynamic gadolinium-enhanced MR imaging, measurement of relaxation times cannot guide evaluation, as
the T1- and T2-relaxation times of benign and malignant
lesions overlap significantly[4]. Whether the time-intensitycurve (TIC) shape analysis alone can differentiate malignant
from benign soft-tissue tumors, or differentiate between
tumor grades, remains controversial[5].
The aim of this illustrative report is to provide a diagnostic guide for soft-tissue tumors of the extremities based
on tissue signal and morphological characteristics on MR
images. Examples of common determinate lesions are illustrated, except that one indeterminate lesion (malignant
fibrous histiocytoma) is shown as an example for com-

Figure 10 Localized nodular synovitis (solitary PVNS). A: Axial T2-weighted
MR image of the knee shows a nodular mass (arrowhead), with a long pedicle
(double short arrows) attaching the mass to the adjacent synovium, involving
the infrapatellar fat pad. Note small circular foci of low signal intensity (arrow),
corresponding to deposition of hemosiderin. B: Gadolinium-enhanced T1weighted image with fat saturation shows obvious enhancement of the lesion
(arrow) caused by capillary proliferation. (Photo courtesy of Dr. Guo-Shu
Huang). MR: Magnetic resonance.

and hemangiomas, which exhibit inhomogeneous signals
on T2-weighted images. Most malignant tumors can have a
uniform signal on T1-weighted images but inhomogeneous
signals on T2-weighted images. Although a uniform signal
on T2-weighted images can be a reliable indication of a benign lesion, a well-defined mass with homogeneous internal
signal intensity does not definitively identify a benign lesion.
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C

Figure 13 Malignant fibrous histiocytoma. A: Axial T1-weighted MR image of the forearm shows a soft-tissue tumor (arrowhead) with a relatively well-defined margin. No invasion to the adjacent radius or ulna was noted; B: Axial T2-weighted MR image shows heterogeneous signal intensity of the tumor mass (arrowhead), with
an area of low signal intensity (arrow), suggesting fibrosis; C: Axial gadolinium-enhanced T1-weighted image with fat saturation shows enhancement of the parenchymal tissue (arrow) of the tumor mass (arrowhead), corresponding to the hypervascular part of the tumor. MR: Magnetic resonance.

parison.
In summary, MR imaging can be helpful in evaluating
soft-tissue tumors of the extremities, but it can also be
misleading. The combination of signal and morphological characteristics on MR images allows radiologists to
categorize many lesions as benign or malignant, although
a significant proportion of the images are not specific. It
is important for clinicians to be familiar with the imaging
characteristics of common determinate lesions. Biopsy is
needed to define the histological nature of an indeterminate soft-tissue neoplasm.
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Core tip: Abnormal focal uptake without corresponding anatomic abnormality on the integrated computer
tomography (CT) imaging poses a dilemma in interpretation of whole-body fluorodeoxyglucose positron emission tomography (PET)-CT imaging. Most of the PET
hot spots with the absence of CT lesions or abnormalities are artefactual or secondary to benign etiologies,
but some may represent early staged or small sized
neoplasm or metastases especially in the gastrointestinal tract and skeletons. Caution should be exercised to
simply diagnose a pathology based on the presence of
the uptake only, or exclude the disease based on the
absence of anatomic abnormality.

Abstract
The purpose of this article is to provide a pictorial review of the findings and interpretative pitfalls about focal fluorodeoxyglucose (FDG) uptake in the absence of
corresponding computer tomography (CT) lesion or abnormality on an integrated positron emission tomography (PET)-CT. The integrated CT images in the PET-CT
scanner allow correct co-registration and fused imaging of anatomical and functional data. On FDG PET-CT
imaging, a real pathologic process often demonstrates
abnormal uptake associated with a visible corresponding CT lesion or abnormality. When focal uptake is seen
on PET imaging but no corresponding anatomic abnormality is visualized on the integrated CT, one should always be aware of possible mis-registration or mismatch
of the PET and CT images due to the patient’s respiratory or body motion. While most of the hot spots in
the absence of corresponding anatomic abnormalities
are artefactual or secondary to benign etiologies, some
may represent small sized or early staged neoplasm or
metastases, especially in the gastrointestinal tract and
skeletons. Caution should be exercised to simply diagnose a pathology based on the presence of the uptake
only, or exclude the disease based on the absence of
anatomic abnormality.

Liu Y. Fluorodeoxyglucose uptake in absence of CT abnormality on PET-CT: What is it? World J Radiol 2013; 5(12): 460-467
Available from: URL: http://www.wjgnet.com/1949-8470/full/v5/
i12/460.htm DOI: http://dx.doi.org/10.4329/wjr.v5.i12.460

INTRODUCTION
Today, most of clinical positron emission tomography
(PET) scanners are sold as integrated PET-computer tomography (CT) units. The integrated CT data allow correct co-registration and fused imaging of anatomical and
functional data. CT scan acquisition (transmission scan) is
also used for attenuation correction of positron photon
annihilation from radiotracer (18F) fluorodeoxyglucose
(FDG). CT imaging in an integrated PET-CT scanner
significantly decreases false positive results and improves
specificity of the study in PET interpretation[1-3]. The
advantage of PET/CT over PET alone can be attributed

© 2013 Baishideng Publishing Group Co., Limited. All rights
reserved.
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Figure 1 Unilateral vocal cord uptake. A
59-year-old man with history of transglottic
squamous cell carcinoma had fluorodeoxyglucose positron emission tomography-computer
tomography (PET-CT) for restaging. Axial PET
image of the neck shows intense unilateral uptake without a visible lesion on CT in the left true
vocal cord (arrows). Subsequent laryngoscopic
examination revealed paralysis of the right vocal
cord.
-237.25 mm

58

-237.25 mm

to the low anatomic resolution of PET and difficulty in
lesion localization on PET[4,5].
Corresponding to abnormal FDG uptake on a whole
body FDG PET/CT, a visible lesion or abnormality is
often identified on the integrated CT in the same location. This co-registration of anatomic and functional imaging greatly increases confidence of nuclear radiologists
in PET interpretation. Sometime, misalignment between
PET and CT images may be present, usually resulting
from either repositioning of the patient or the time interval between two scans for CT and PET[6]. The misalignment or mis-registration of PET and CT images is often
noted in the lower thorax and upper abdomen, because
of changes of organ positions during different breathing
cycles between CT and PET acquisitions[7]. In general,
this kind of PET/CT misalignment artifact can be solved
without many difficulties in interpretation by checking
adjacent upper and lower levels of the CT or PET slices
when a FDG focus or CT lesion is identified.
It is not uncommon that markedly abnormal focal
uptake is noted on FDG PET but no anatomic counterpart is visualized on the CT, which is bizarre and poses
a dilemma in interpretation about the nature of uptake.
Focal pattern and increased intensity of uptake can not
be simply ignored or considered as an artifact in these
cases. On the other hand, a diagnosis of the pathologic
finding cannot be made with a lack of corresponding CT
abnormality. What is this kind of hot spot? In this paper,
we outline some common locations of abnormal focal
uptake with the absence of corresponding CT finding
on a whole body FDG PET-CT imaging. We also briefly
discuss the interpretative pitfalls.

cord responsible for the contralateral vocal cord paralysis
as a result of damage or palsy of the recurrent laryngeal
nerve (Figure 1). Lee et al[8] reported that all 15 patients
with one-sided vocal cord uptake on FDG-PET had
contralateral vocal cord paralysis on laryngoscopic examination. Therefore, when asymmetric intense uptake
is seen in the unilateral vocal cord and no discrete lesion
is appreciated on CT, clinical correlation including laryngoscopic examination is helpful to verify the nature of
uptake.
Iatrogenic uptake in the lung
Unlike other tissues or organs, normal lung parenchyma
does not demonstrate notable FDG uptake on PET.
Sometimes mild vague uptake may be noted in the vascular structures of the lungs. Evident FDG uptake in the
lungs is always associated with abnormalities on CT, for
example, nodule or mass, opacity or density, infiltrate,
consolidation, etc. Abnormal uptake in the lung bases
with no lung abnormality on CT may actually represent
a lesion in the upper abdomen, for example the liver or
spleen, because of mis-registration of PET and CT images secondary to the patient’s respiratory motion. But a
real focus may be identified in any area of the lung without a visible corresponding abnormality on lung window
of the CT (Figure 2).
There are a few case reports in recent years about
iatrogenic focal FDG accumulation in lung parenchyma
without abnormal CT findings[9-12]. Observed foci in the
lung parenchyma were in different areas with variable
intensity of uptake, but they were typically peripheral
in the location and very intense in uptake. A common
characteristic in the most cases was partial paravenous injection of the radiotracer. A possible and the most likely
explanation for these iatrogenic foci in the lungs could
be micro-emboli secondary to paravenous injection. The
damage to the vein endothelium during paravenous injection causes the formation of blood clots at the site of
injury, which in turn detach from the vein, enter the small
pulmonary vasculature and are seen as hot spots in the
distal lung.

MOST COMMONLY SEEN FOCAL
FLUORODEOXYGLUCOSE UPTAKE
WITHOUT COMPUTER TOMOGRAPHY
ABNORMALITY
Vocal cord uptake
Physiologic uptake in the vocal cords is mostly seen as
symmetric. In some patients with known primary or
metastatic malignancy of the head and neck, focal intense
uptake may be noted in the unilateral true vocal cord,
with no lesion or abnormality on CT images. In general,
this uptake is secondary to the increased compensatory
metabolic activity of the muscle in a normal true vocal
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Axillary uptake
Although less reported, it is relatively common that small
ipsilateral axillary lymph nodes, draining the region of
tracer extravasation in the antecubital injection, demonstrate significant uptake on FDG-PET due to extravasa-
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Figure 2 Iatrogenic uptake in the lung. A 35-year-old
woman with history of low grade serous ovarian cancer had
fluorodeoxyglucose positron emission tomography-computer
tomography (PET-CT) for initial staging. Axial PET image of
the lungs shows a focus of intense uptake in the left lower
lobe (arrow), but no nodule or lesion is seen on CT. Subsequent diagnostic CT was negative as well for lung nodule. The
uptake is likely secondary to microembolism due to a paravenous injection.
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Figure 3 Axillary uptake. A 63-year-old man with history of bladder cancer had fluorodeoxyglucose (FDG) positron emission tomography-computer tomography
(PET-CT) for restaging. Axial PET image of the upper chest shows focal uptake in the left axilla (arrow). Corresponding to this focus, there is a small benign lymph
node with fat lumen on CT (arrow). The uptake is secondary to infiltration of injected FDG at the antecubital site.
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tion or partial subcutaneous injection[13]. The findings
between PET and CT images are often discordant in the
ipsilateral axilla following an infiltrated injection: small or
no lymph node on CT, but intense uptake on PET (Figure 3). An interpretation of lymphadenopathy, especially
metastasis, should be avoided in this situation when an
infiltrated injection is present in the ipsilateral arm. In the
most cases, the artefactual axillary lymph node uptake can
be identified when linear superficial uptake in the ipsilateral arm is seen from the injection site to the axilla. To
avoid confusion in interpretation of PET imaging for the
breast, lung or chest wall lesion, the radiotracer should be
always administered at the contralateral arm.

displayed as ill defined, mildly increased uptake on PET
without anatomic abnormality on CT (Figure 4). However, sometimes a discrete focus without corresponding
CT abnormality may also represent the noise artifact in
the liver. When a discrete focus is seen in the liver with
the absence of a lesion on CT imaging of integrated
PET/CT, a diagnosis can not be made about hepatic
pathology; on the other hand, caution should also be
exercised to exclude a lesion based on a negative finding
on an integrated CT imaging only, because small hepatic
lesions are often not well appreciated on the low dose,
non-contrast CT. A diagnostic CT or magnetic resonance
imaging (MRI) is necessary for correlation.
Increased hepatic uptake may be also seen on the
anteromedial or posteromedial margin of the liver and
adjacent to the hepatic flexure colon. If there is no corresponding hepatic lesion is identified on the CT, the uptake
may represent colonic activity especially when the uptake
is linear (Figure 5). Mal-location of the bowel uptake is
due to patient’s motion or respiratory effect. The coronal

Noise uptake in the liver
Normal uptake of the liver is often inhomogeneous because of a relatively high and variable glucose-6-phosphatase activity. In our experience, so-called “noise artifact”
in the liver on FDG-PET is not uncommon in a whole
body imaging. Typically, this kind of noise artifact is
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Figure 4 Noise artifact in the liver. A 42-year-old
man with history of cervical cancer had fluorodeoxyglucose positron emission tomography-computer
tomography (PET-CT) for initial staging. Axial PET
image of the upper abdomen shows irregular uptake
in the anterior margin (arrow) but without discrete
lesions on an integrated CT, representing noise artifacts. Subsequent diagnostic CT was negative.
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Figure 5 Colonic uptake abutting the margin of the liver. A 59-year-old man with newly diagnosed pancreatic cancer had fluorodeoxyglucose positron emission
tomography-computer tomography (PET-CT) for staging. Axial PET image of the upper abdomen shows a small focus of increased uptake abutting the anterior margin
of the liver (arrow). But there is no visible hepatic lesion on the integrated CT. A magnetic resonance imaging was also negative for any lesion in the liver. The uptake
is from the adjacent transverse colon with slight motion artifact and mis-registration of PET and CT images.
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Figure 6 Urine activity in the prostatic urethra. A 65-year-old man with history of lung cancer had fluorodeoxyglucose positron emission tomography-computer
tomography (PET-CT) for restaging. Axial PET image of the lower pelvis shows a focus at the midline of the prostate, corresponding to the dilated urethra on CT (arrows).
The finding represents urine retention in the urethra of previous trans-urethral prostate resection site.
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R

Figure 7 Uptake of prostate cancer. A 63-year-old man with history of laryngeal cancer had fluorodeoxyglucose positron emission tomography-computer tomography (PET-CT) for restaging Axial PET image of the lower pelvis shows a focus corresponding to a hypodensity lesion on the CT in the left peripheral prostate (arrows).
Biopsy confirmed prostate cancer.

and sagittal views are helpful to confirm the findings.

can not be seen on CT. In contrast, a real prostate lesion
is often seen as either calcified or low density area with
focal uptake in the peripheral prostate, rather than at the
midline and location of the prostatic urethra (Figure 7).

Focal urine activity
Focal urine activity in the ureter is easily identified by
identifying the ureter on the integrated CT. Although
some authors recommended re-acquisition following
furosemide administration[14,15], it is not necessary in our
experience. A focus in the urethra is more challenging in
interpretation, especially in the prostatic urethra. For patients with prior trans-urethral resection of prostate, a focus is often seen in the dilated prostatic urethra, representing urine activity (Figure 6). If a focus is noted inferior
to the urinary bladder and at the midline of the prostate,
and no corresponding lesion is identified on CT, it is most
likely urine activity as well, even though low density urine

WJR|www.wjgnet.com

Atypical brown fat or muscle uptake
Brown fat uptake is well known on FDG-PET, and is
easily identified in well-defined patterns in the most cases.
The most common location for brown fat is the neck and
supraclavicular area, which is usually bilateral, linear or
curvilinear[16-18]. Focal uptake of brown fat is often seen
in the mediastinum, axillae, paravertebral areas and intercostals spaces[17,18]. However, brown fat uptake may be encountered anywhere as a focus or separate foci[19]. When
focal uptake is seen on PET corresponding to “dark” low
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density rather than soft tissue on the integrated CT, it
represents brown fat (Figure 8). HU measurement can be
confirmative, fat tissue usually ranges -50 to -150 HU. A
pitfall to identify brown fat uptake is to be aware of motion artifact or mismatch of PET and CT images. When
a focus of uptake corresponds to low density fat on CT,
it is always a good practice to carefully check the adjacent
structures or tissues and exclude a real lesion on the CT
images.
Muscular uptake is often seen in anxious patients or
due to stress induced muscle tension or secondary to
motion after the FDG injection. Usually benign muscular
uptake can be distinguished from malignant or metastatic
disease due to its mostly symmetric pattern that matches
the anatomy of the muscular groups, and the absence
of a lesion on the integrated CT images. However, focal
intense muscular uptake may be also seen with no corresponding CT lesion or abnormality (Figure 9). Whereas
the uptake is mostly benign, further correlation with a
MRI may be necessary because of limited value of the
integrated CT for muscular pathology.

Figure 9 Muscular uptake. A 45-year-old woman
with history of leiomyosarcoma had fluorodeoxyglucose positron emission tomography-computer
tomography (PET-CT) for restaging. Axial PET-CT
images of the pelvis show intense focal muscular
uptake in the left gluteus maximus, gluteus minimus and obturator intermus, with no corresponding lesions on the CT (arrows). Two subsequent
magnetic resonance images were unremarkable of
the muscles.

colon is most likely benign in nature as well, but a neoplasm should be excluded with colonoscopy since a small
or superficial lesion may be not well appreciated on CT.
Compared to that in the stomach and colon, focal uptake
in the esophagus more likely represents a neoplastic process because physiologic esophageal uptake is very mild
and linear, even though the integrated or diagnostic CT
does not demonstrate discrete lesion or wall thickening
(Figure 11). Endoscopic examination and biopsy may be
warranted to diagnose or exclude an esophageal lesion if
a discrete focus is noted on the esophageal wall. The false
negative CT may be resulted from a small size of the
tumor, lack of a discrete mass or mass effect and suboptimal sensitivity of CT for esophageal pathology due to
poor distensibility of the esophagus[21].
Focal osseous uptake is often seen on PET imaging
with the absence of CT abnormality on bone window.
Although a sclerotic or lytic bone lesion demonstrating
abnormal FDG uptake is almost certainly diagnosed as
a neoplasm or metastasis in an oncologic patient, focal
uptake without a visible lesion on the integrated CT is
potentially problematic in PET interpretation. Taira et
al[22] reported that discordant findings between the PET
and CT occurred in more than half of the bone lesions.
While a CT noted osseous lesion lacking FDG uptake is
most likely a benign or treated disease, abnormal osseous
uptake with the absence of a lesion on CT more likely
represents a metastasis[22,23]. When the examinations are
discordant, PET is far more accurate than CT in the characterization of bone lesions[22,24]. In our experience, mild
vague uptake may be secondary to some benign etiologies for example degenerative disease, but significant focal uptake in the bone is highly suspicious for metastatic
disease in a patient with known malignancy even though
the CT is negative (Figure 12). In addition, positive pre-

Real lesion not seen on CT
Focal FDG uptake without a visible corresponding lesion
on CT does not always indicate benign nature or an artifact. Caution should be exercised in some structures or
tissues for example the gastrointestinal tract. The pattern
rather than the intensity of uptake is more important in
interpretation of the gastrointestinal tract. Physiologic
or inflammatory uptake of the gastrointestinal tract is
often diffuse and linear. Focal increased uptake may be
frequently seen and mostly benign in some areas such
as the gastroesophageal junction (Figure 10), the gastric
wall, the rectal ampulla or the anal canal[20]. Less commonly seen focal uptake without a lesion on CT in the
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Figure 8 Focal brown fat uptake. A
50-year-old woman with history of metastatic breast cancer had fluorodeoxyglucose positron emission tomography-computer tomography (PET-CT) for restaging.
Axial PET image shows a focus in the left
supraclavicular region (arrow). On the
integrated CT, there is no node or lesion
except for fat tissue in this location. The
uptake is from the brown fat.
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Figure 11 Uptake representing esophageal cancer. A 49-year-old man with
history of retromolar carcinoma had fluorodeoxyglucose positron emission tomography-computer tomography (PET-CT) for restaging. Axial (A) and sagittal
(B) PET-CT images show a focus in the mid esophagus at the subcarinal level
(arrows), without a visible lesion or evident wall thickening on the integrated CT.
Subsequent contrast CT was negative as well. An endoscopic biopsy revealed
squamous cell carcinoma.

Figure 10 Prominent uptake in the gastroesophageal junction. A 57-yearold man with history of osteosarcoma had fluorodeoxyglucose positron emission tomography-computer tomography (PET-CT) for initial staging. Axial (A)
and sagittal (B) PET-CT images show focal uptake in the gastroesophageal
junction (arrows), with no lesion on CT and stable over two years on follow-ups.

dictive value is significantly greater when multiple foci
are seen in the bones compared to one solitary focus. It
is not uncommon that in the cases with multiple osseous
metastases, many foci of uptake have no discrete lesions
on the integrated CT, because the metabolic change often
precedes the anatomic change.
In lymphomatous disease of the bones, PET and
CT findings may be discordant: intense FDG uptake but
without significant CT abnormality on bone window

WJR|www.wjgnet.com

(Figure 13). On CT, Bone lymphoma often demonstrates
a permeative pattern with periosteal reaction, sequestra
and absence of cortical destruction[25,26]. Therefore, early
lymphomatous bone involvement or small bone lesions
without marked bone destruction may only be visualized as increased FDG uptake on PET imaging only. In
disseminated lymphomatous disease, FDG PET often
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Figure 12 Osseous uptake. A 55-year-old woman with history of metastatic breast cancer had fluorodeoxyglucose positron emission tomography-computer tomography
(PET-CT) for restaging. Axial PET image of the chest shows focal uptake at the right pedicle of the T6 (arrow). There is no visible corresponding bone lesion on the integrated CT (arrow). Repeat PET-CT three months after shows multiple bone metastases including worsening uptake in the right-sided T6.
x 2.38
S

or metastases especially in the gastrointestinal tract and
skeletons. Because of poor resolution of the low dose,
non-contrast integrated CT imaging in some organ or tissue such as the liver, a diagnostic anatomic imaging is often necessary for further evaluation of abnormal uptake.

x 2.38
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special advantages, such as the tumor-targeted (passive
or active), multi-mode contrast agents (magnetic resonance imaging, ultrasonography or fluorescence), carrier or enhancer of drug delivery, and combined chemo
or thermal therapy etc. , are rapidly gaining popularity
and have shown a promising application in the field
of cancer treatment. In this mini review, the trends
and the advances of multifunctional and theranostic
nanoparticles are briefly discussed.
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Core tip: The theranostic nanoparticles are defined as
nanoparticles with double functions (for both therapeutic and diagnostic purposes) and are commonly applied
to simultaneous drug delivery and molecular imaging.

Microbubbles have been used for many years now in
clinical practice as contrast agents in ultrasound imaging. Recently, their therapeutic applications have also
attracted more attention. However, the short circulation
time (minutes) and relatively large size (two to ten micrometers) of currently used commercial microbubbles
do not allow effective extravasation into tumor tissue,
preventing efficient tumor targeting. Fortunately, more
multifunctional and theranostic nanoparticles with some
special advantages over the traditional microbubbles
have been widely investigated and explored for biomedical applications. The way to synthesize an ideal
ultrasound contrast agent based on nanoparticles in
order to achieve an expected effect on contrast imaging is a key technique. Currently a number of nanomaterials, including liposomes, polymers, micelles, dendrimers, emulsions, quantum dots, solid nanoparticles
etc. , have already been applied to pre or clinical trials.
Multifunctional and theranostic nanoparticles with some

WJR|www.wjgnet.com

MICROBUBBLES
Conventionally, the ultrasound contrast agents (UCAs)
commercially used are microbubbles with sizes in the micrometer range, such as SonoVue®, Definity®, Luminity®,
Sonazoid® etc., which are mainly composed of insoluble
gas (perfluorocarbons or sulfur hexafluoride) and an
encapsulating shell (lipids, proteins or polymers)[1-5]. During the past decades, these UCAs were mainly used for
imaging in clinical practice[2-11]. Recently, microbubbles
and their associated cavitation are playing an increasingly
significant role in both diagnostic and therapeutic applications of ultrasound[12]. Besides that, microbubbles have
also attracted more attention as carriers and enhancers of
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drug and gene delivery and have been widely investigated
for these applications (especially in the area of anticancer
research)[13]. However, short circulation time (minutes)
and relatively large size (two to ten micrometers) of currently used commercial microbubbles do not allow effective extravasation into tumor tissue (pore size of tumor
endothelium is typically in the range 380-780 nm), preventing efficient tumor targeting[14,15].

as an inorganic theranostic platform for contrast-intensified US imaging, combined chemotherapy and efficient
high intensity focused ultrasound tumor ablation[42,45,49].
Nowadays, these kinds of nanoparticles with more
novel functions are still the research focus of biomaterials
and are being explored for further biomedical applications[1,14,18,20,35,43,48,50].
We hope that the information presented in this mini
review will stimulate the readers’ interest regarding the
field of nano/microparticles and UCAs.

NANOMATERIALS
Fortunately, with the development of nanotechnology,
nanomaterials have also evolved and now are widely recognized as a novel type of biomaterial, with very promising applications in the field of drug delivery[13,16-21]. Currently, a number of nanomaterials, including liposomes,
polymers, micelles, dendrimers, emulsions, quantum dots,
solid nanoparticles etc., have already been applied to pre
or clinical trials[22-30]. In theory, nanomaterials can overcome the aforementioned shortcomings of microbubbles
due to their smaller sizes (in the nanometer range)[29,31,32].
The National Cancer Institute has defined the nanoparticle as any particle with at least one dimension under 100
nm, while in many articles, some sub-micrometer particles have also been regarded as nanoparticles[1].
The way to synthesize an ideal ultrasound contrast
agent based on nanoparticles in order to achieve an
expected effect on contrast imaging is a key technique.
According to some recently published articles, most researchers were able to enhance the acoustic backscatter
by using nanomaterial equipped with gas (perfluorocarbon), although the nanoparticle-based contrast agents for
the imaging modalities discussed were in various stages
of development[25-27,33-35].
The use of nanomaterials as carriers for drug delivery represents the mainstream in the field of biomedical
research[29,31,36-39]. However, recently, multifunctional and
theranostic nanoparticles with some special advantages,
such as the tumor-targeted (passive or active), multimode contrast agents [magnetic resonance imaging
(MRI), ultrasonography (US) or fluorescence], carrier
or enhancer of drug delivery, and combined chemo or
thermal therapy, etc., are rapidly gaining popularity and
have shown a promising application in the field of cancer
treatment[13,18-20,29,38-42].
For instance, Lammers et al[31] discussed the principles,
pitfalls and (pre) clinical progress of drugs (including
those with nanoparticles) used for tumor-targeting. Most
nanoparticles can be easily functionalized with a wide variety of biomolecules or antibodies and could be used for
the targeted recognition or imaging of specific tissue/organs[19,43-47]. Besides, regarding its multifunction and multimode imaging, Malvindi et al[48] reported a magnetic/silica
nanocomposite as a dual-mode contrast agent for combined MRI and US which enables non-invasive detection
of the molecular components of pathological processes
through multiple-mode imaging techniques[14,48]. Wang et
al[35] proposed that Au nanoparticle coated mesoporous
silica nanocapsule-based enhancement agents can be used
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RESULTS: Coronary microemboli caused greater impairment in l left ventricular (LV) circumferential strain
and dyssynchrony than LAD occlusion/reperfusion
despite the significant difference in the extent of myocardial damage. Microemboli also caused significant
decrease in peak systolic strain rate of remote myocardium and LV dyssynchrony. Cine MRI demonstrated
the interaction between LV and right ventricular (RV)
at 3 d after interventions. Compensatory increase in RV
free wall longitudinal strain was seen in response to all
interventions. Viability MRI, histochemical staining and
microscopy revealed different patterns of myocardial
damage and microvascular obstruction.
CONCLUSION: Cine MRI revealed subtle changes in
LV strain caused by various ischemic insults. It also
demonstrated the interaction between the right and left
ventricles after coronary interventions. Coronary microemboli with and without acute myocardial infarction
(AMI) cause complex myocardial injury and ventricular
dysfunction that is not replicated in solely AMI.

Abstract
AIM: To compare the acute changes in circumferential
and longitudinal strain after exposing a coronary artery
to various interventions in swine.

© 2013 Baishideng Publishing Group Co., Limited. All rights
reserved.

METHODS: Percutaneous balloon angioplasty catheter
was guided to location aid device (LAD) under X-ray fluoroscopy to create different patterns of ischemic insults.
Pigs (n = 32) were equally divided into 4 groups: controls, 90 min LAD occlusion/reperfusion, LAD microembolization, and combined LAD occlusion/microembolization/reperfusion. Three days after interventions, cine,
tagged and viability magnetic resonance imaging (MRI)
were acquired to measure and compare left and right
circumferential strain, longitudinal strain and myocardial
viability, respectively. Measurements were obtained using HARP and semi-automated threshold method and
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Key words: Magnetic resonance imaging; Percutaneous
coronary interventions; Acute myocardial infarct; Microembolization; Myocardial strain
Core tip: Cine and tagging magnetic resonance imaging
showed that segments in pre-existing acute myocardial
superimposed with microemboli have the most severe
impairment in both longitudinal and circumferential
strain, while segments subjected to solely microembolization or location aid device (LAD) occlusion/reperfusion showed only circumferential impairment. The
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interaction between right and left ventricles after LAD
interventions is clearly demonstrated by the increase in
right ventricular (RV) free wall strain, suggesting that
both left ventricular and RV need assessment in ischemic heart disease.

MATERIALS AND METHODS
Coronary intervention
This study was performed in accordance with the Guide
for the Care and Use of Laboratory Animals and approval from IACUC. Farm pigs (30-32 kg) were sedated
and anesthetized using isoflurane/oxygen 2%-5%/2-3 L/
min. Small volume and size of microemboli (32 mm3 volume, average diameter 80 μm) were tested in the current
study because previous autopsy study in humans showed
that the sizes of these microemboli were less than 120
μm and most of microemboli (89%) were located in the
LAD territory[18]. Accordingly, a 3F balloon catheter was
advanced under X-ray fluoroscopy to the LAD coronary
artery in swine model. The balloon catheter was used to
(1) occlude (90 min) LAD coronary artery (n = 8), (2)
delivery of microemboli (32 mm3 volume, about 120
microemboli with an average diameter of 80 μm (Embosphere®, Biosphere Med, Rockland, MA (n = 8), and (3)
combine 90 min LAD occlusion and delivery of microemboli (32 mm3 volume, n = 8) followed by reperfusion.
The occlusion or microemboli delivery was in the LAD
at the middle of LV and the second diagonal branch was
used as a land mark. Intravenous heparin and lidocaine
were administered prior to coronary catheterization.
ECG, heart rate, blood pressure, O2-sat, PCO2 and body
temperature was monitored during the interventions. All
animals were imaged 3 d after the interventions. Another
8 animals with matching body weight (30-32 kg) served
as controls (no intervention).

Suhail MSA, Wilson MW, Hetts SW, Saeed M. Magnetic resonance imaging characterization of circumferential and longitudinal strain under various coronary interventions in swine. World
J Radiol 2013; 5(12): 472-483 Available from: URL: http://www.
wjgnet.com/1949-8470/full/v5/i12/472.htm DOI: http://dx.doi.
org/10.4329/wjr.v5.i12.472

INTRODUCTION
Acute myocardial infarction (AMI) remains a leading
cause of morbidity and mortality worldwide. It has been
classified into subtypes based on clinical scenario; namely
ischemia from a primary coronary event (e.g., plaque
rupture, thrombotic occlusion), ischemia from a supplyand-demand mismatch, and percutaneous/surgical coronary interventions[1]. Different procedures have been
introduced to reperfused blocked major coronary artery.
However, the effects of persistent microvascular blockage by dislodged microemboli are still a clinical problem,
which has been acknowledged by multiple cardiac and
interventional societies[2].
Echocardiography is the most commonly used clinical method for quantification of global and regional left
ventricular (LV) function, where LV ejection fraction and
wall motion score are measured[3]. Others used 2D speckle-tracking images for measuring regional strain and strain
rate[4]. This method enables quantification of myocardial
deformation[5], but associated with limitations, such as
the inability of peak velocity to differentiate dyskinetic
from hypokinetic myocardium[6]. Unlike other modalities,
magnetic resonance imaging (MRI) provides quantitative prognostic functional and structural information[7,8].
Clinical MRI studies demonstrated the impairment in
radial, circumferential and longitudinal strain in ischemic
myocardium[9-11]. Investigators found that these MRI indices have higher sensitivity and specificity than 2D strain
echocardiography in patients with AMI[12] and scar[13].
Furthermore, contrast enhanced MRI has the capability
to delineate patchy myocardial infarct in patients[14] and
animals[15-17]. However, the magnitude and mechanical
effects of microemboli in pre-existing reperfused AMI
on circumferential and longitudinal strain have not been
characterized or compared to solely reperfused AMI using MRI. We hypothesized that coronary microemboli in
pre-existing AMI cause complex ventricular dysfunction
that is not replicated in solely AMI. Thus, this experimental investigation aimed at simulating 3 interventional
clinical scenarios, namely location aid device (LAD) occlusion/reperfusion, LAD microembolization, and combined LAD occlusion/microembolization/reperfusion.

WJR|www.wjgnet.com

Cardiac MRI
MRI was performed using 1.5-T scanner (GE Medical
Systems, Milwaukee, WI, United States). For circumferential strain of the LV, a tagged turbo-field echo-planar
sequence was used. The tagging technique used complementary spatial modulation of magnetization for horizontal and vertical tag orientation images obtained in one
breath-hold. Imaging parameters were: TR/TE = 35/6.1
ms, flip = 25°, NEX = 1, section thickness = 8 mm,
FOV = 24 cm × 24 cm, matrix = 128 × 45, pixel size =
1.875 × 5.333 mm2, temporal resolution = 35 ms, EPI
factor = 11, bandwidth = 185 Hz, echo length = 1, tag
spacing = 5 mm, temporal resolution = 35 ms and cardiac phases = 16. Images were acquired in the short axis
plane of the entire LV[19]. For quantitative analysis, two
apical slices within the area of infarction (2.4 and 3.2 cm
from the apex of the heart) were used. The tagging technique used complementary spatial modulation of magnetization for horizontal and vertical tag orientation images
obtained in breath-hold and for longitudinal strain, multiple cine MR images in the long-axis view were acquired
using a steady-state free precession sequence. Imaging parameters were: TR/TE/flip angle = 3.5 ms/1.75 ms/70°,
slice thickness = 8 mm, no slice gap, FOV = 25 cm × 25
cm, matrix size = 160 × 152 and cardiac phases = 16.
For viability imaging, inversion-recovery gradientecho DE-MRI images were acquired in the short and
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long axis views of the heart. The imaging parameters
were: TR/TE/flip angle = 5/2 ms/15°, interval = 2RRintervals, slice thickness = 8 mm, no slice gap, FOV = 26
cm × 26 cm, matrix size = 256 × 162. Viability images
were acquired 10-15 min after intravenous administration of 0.15 mmol/kg Gd-DTPA using inversion time of
220-230 ms to null remote myocardium. For quantitative
measurement of large and patchy infarct a semi-automatic threshold method (3SD) was used. At the conclusion
of the imaging sessions, the animals were sacrificed by
intravenous injection of saturated KCl (1 mL/kg). The
hearts were excised, sliced and incubated in 2% triphenyltetrazolium chloride (TTC) at 37 ℃. Digital images of
TTC-stained slices were acquired, converted to black and
white images using Adobe Photoshop CS2. The same
semi-automatic method (3SD) used above was used to
measure infarct size on TTC.

for 30 min. Digital images of TTC stained short-axis
slices were acquired and converted to black-and-white
images. For confirmation of structural changes caused by
coronary interventions, 3 LV rings from each animal were
fixed in 10% buffered formalin, processed, sectioned
and stained with hematoxylin/eosin. Microscopically, the
stained sections were magnified (× 40 to × 100), photographed under light microscopy using NIS Elements-F
(Nikon, Melville, NY, United States) and studied.

RESULTS
Myocardial viability
Control animals revealed no evidence of infarction on
DE-MRI and TTC staining or differential strain between
LAD territory and remote myocardium (Figure 2A, P =
0.72). The different interventions produced continuous,
patchy or combined pattern of enhancement of myocardial damage on DE-MRI. Furthermore, myocardial
damage was significantly smaller (8.8% ± 0.5% LV mass)
in solely microembolized animals compared with animals
subjected to occlusion/reperfusion (12.4% ± 1.2%, P
< 0.01) or the combination of the two insults (15.7% ±
1.1%, P < 0.05).

Image and statistical analysis
Phasic and peak longitudinal strain and circumferential
strain were analyzed from complex raw data circumferential strain was obtained by manual outline of the endocardium and epicardium of the LV in multiple tagged
images, which was automatically propagated by HARP
tagged CMRI analysis software. The segmentation on
HARP we done as follow: First, in a given timeframe, 2D
HARP images were unwrapped in each slice[19]. Displacement measurements from the phase-unwrapped images
were then used to compute a 3D displacement field from
which strain was computed. This procedure was repeated
for each imaged timeframe[20]. In each animal, two defined
apical slices (2.4 and 3.2 cm from the apex of the heart)
with infarct were analyzed. HARP software automatically
provided strain at each point in the cardiac cycle, peak
strain, time to peak strain (TTPS), and provided strain
rate by obtaining a strain curve and differentiating the
curve with respect to time[21]. Peak systolic and diastolic
strain rate and TTP systolic and diastolic strain rates were
obtained from these curves.
Peak systolic longitudinal strain was obtained from a
4 chamber view of cine MR images after delineating endocardial length of LV and right ventricular (RV) during
systole and diastole using an echocardiographic method[22,23]. Figure 1 shows the semi-automated traced myocardium throughout the cardiac cycle. Longitudinal strain
was determined in LV free wall (LVFW), RV free wall
(RVFW), and interventricular septum (IVS). This method
has been recently validated against spatial modulation of
magnetization tissue tagging method[24]. Semi-automatic
threshold method (+3SD), ImageJ was also used to measure large infarct and patchy microinfarct on contrast enhanced MRI and histochemical TTC staining. Paired and
unpaired nonparametric Student t-tests and nonparametric ANOVA with Dunn’s multiple comparison tests were
used. A P < 0.05 was considered significant.

Circumferential strain
All animals subjected to coronary interventions demonstrated decline in peak circumferential strain compared
with remote myocardium (Figure 2A, all P < 0.001) or
LAD territory of control animals (Figure 2B). However,
peak circumferential strain showed no difference between
interventions, suggesting disproportion between myocardial damage and regional strain. At 3 d, remote myocardium of animals subjected to interventions showed
decreased TTPS without increase in circumferential strain
compared with controls (Figure 2B). In contrast, the
LAD territory demonstrated increased TTPS (Figure 2C),
suggesting LV dyssynchrony.
All interventions caused significant decrease in peak
strain rate of LAD territory compared with remote myocardium and controls (Figure 3A and B, all P < 0.001).
Microembolized and combined intervention animals had
significantly decreased systolic strain rate compared to
LAD occluded/reperfused animals. In remote myocardium, peak systolic strain rate was significantly decreased
in microembolized and combined insult animals, but
not in occluded/reperfused animals, compared with
controls. Additionally, all interventions caused decreased
peak diastolic strain rate in the LAD territory compared
with controls (Figure 3C). Similar to peak systolic strain
rate, peak diastolic strain rate in remote myocardium was
significantly decreased in animals subjected to microembolization or combined interventions, but not in LAD
occluded/reperfused animals, compared with controls.
Remote myocardium also showed significantly decreased
TTP systolic and diastolic circumferential strain rates in
animals subjected to microembolization or combined
intervention (Figure 4), but not in LAD occluded/reperfused animals.

Postmortem staining
At the conclusion of the imaging protocol, the hearts
were excised, sliced and incubated in 2% TTC at 37 ℃
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Figure 1 Representative tagged and cine magnetic resonance images with tracing method. Top row demonstrates short-axis and long-axis magnetic resonance
images (MRI) images, while bottom row demonstrates images after tracing of the myocardium using HARP. Left three columns are cine tagged MRI and right three
columns are cine MRI. IVC: Isovolumetric contraction; ESys: End systole; EDia: End diastole; LV: Left ventricle; RV: Right ventricle; CW: Chest wall; RA: Right atrium;
LA: Left atrium; AAo: Ascending aorta.

Longitudinal strain
Figure 5 demonstrates strain curves during the cardiac
cycle for each cohort. No significant change in longitudinal strain was observed in both LVFW and IVS of
animals subjected microembolization or LAD occlu-
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sion/reperfusion compared with controls (Figure 5). In
contrast, animals subjected LAD occlusion/microembolization/reperfusion showed significant compensatory
increased peak longitudinal strain in the RVFW. Unlike
other groups, animals subjected to LAD occlusion/mi-
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Figure 2 Circumferential strain analysis: phasic, peak, and territory time to peak strain. A: Phasic circumferential strain peak and rate during one R-R interval in
LAD territory and remote myocardium of the 4 groups. Data are presented as means ± SEM. A significantly decreased peak circumferential strain was observed in the
LAD territory compared with remote myocardium in all coronary interventions (P < 0.001); B: Bars show average peak circumferential strain. ANOVA showed significant decrease in strain of the LAD territory 3 d after interventions compared with controls. Remote myocardium showed no significant difference between interventions
and control; C: shows significant variation in time to peak circumferential strain between remote and the LAD territory time to peak strain (TTPS). Remote myocardium
showed decreased TTPS for all interventions, while the LAD territory demonstrated increased TTPS. Control vs LAD, aP < 0.05; Control vs Microemboli, bP < 0.01;
Control vs ANOVA dP < 0.001. LAD: Location aid device.
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Figure 4 Time to peak systolic and diastolic strain rate in remote myocardium. Remote myocardium peak systolic (left) and diastolic strain rate (right) in controls
and animals subjected to interventions. Only animals subjected to microembolization or combined ischemic insults showed significantly earlier systolic and diastolic
strain rates. Data are presented as means ± SEM. Control vs Combined, aP < 0.05; Control vs Microemboli, dP < 0.001. LAD: Location aid device.

croembolization/reperfusion showed severe reduction in
IVS longitudinal strain compared with controls (Figure 5).

the structural damage is related damage of microvascular walls; conversely, the functional damage is related to
edema and cellular plugging. This MR study focused on
the effects of persistent MVO caused by LAD microembolization, with and without pre-existing AMI and compared it with reperfused infarct (reperfusion injury). Our
histologic examination revealed that the microvascular
are patent, but modeled, in LAD occlusion/reperfusion
group, but persistently obstructed in microembolized
groups. Funaro et al[27] indicated that coronary microvascular obstruction is the strongest predictor of postischemic myocardial dysfunction and strongly associated
with increased morbidity and mortality.

Microscopic examination
Microscopic examinations revealed both patchy and homogeneous myocardial damage (depending on the type
of the insult), microvascular damage and obstruction in
all animals subjected to coronary interventions, but not
controls. The microemboli were settled either individually
or in clusters in the intravascular compartment (Figure
6). LAD occlusion/reperfusion animals showed contiguous myocardial damage associated with severe interstitial
edema, intramyocardial hemorrhage and inflammation,
while animals subjected to LAD occlusion/microembolization/reperfusion showed contiguous infarct containing
severe intramyocardial hemorrhage, edema, deposited
calcium in the core and patchy microinfarct at the border
zone.

Circumferential strain
The contraction pattern is an important measure of LV
function and independent of EF, wall motion abnormalities or MVO2[19]. Early methods for measuring LV strain
had limitations in resolution and subjectivity[28]. Echocardiography showed that visual tracking is insufficient
to assess strain[29] and peak velocity cannot differentiate
dyskinetic from hypokinetic myocardium[6]. Other used
Doppler-based imaging or speckle tracking.for strain and
dyssynchrony measurement, but this approach has other
limitation, such as 2D, intersegmental tethering, cardiac
motion, dependence of measurements upon the angle
and low image quality[6,29,30].
Recent studies showed that the complex contraction
pattern of the heart and alterations to this pattern due
to various cardiac pathologies could be determined using tagged cine MRI[9-11]. Therefore, tagged cine MRI has
been used in patients with corrected Tetralogy of Fallot
and near-normal EF. Investigators found decreased circumferential strain in the basal and apical LV slices and
dyssynchronous basal rotation[11]. While previous occlusion/reperfusion studies have shown correlation between
infarct size and measurements of contraction pattern
(such as circumferential strain and TTPS)[12,13]. This MR
study demonstrated that peak strain and TTPS are early
predictors of dysfunction. Surprisingly, 4/8 animals at
3 d with transmural infarcts on contrast enhanced MRI

DISCUSSION
The major findings of this study are that (1) there was
disproportion between the decline in circumferential
strain, dyssynchrony and myocardial damage of animals
subjected to microembolization and LAD occlusion/reperfusion; (2) microemboli caused unique effect on remote myocardial strain rates not seen in LAD occlusion/
reperfusion group; (3) unlike LAD occlusion/reperfusion
group, microemboli produced persistent microvascular
obstruction, which may explain the difference in strain
and dyssynchrony between the groups; and (4) MRI
demonstrated the interaction between LV and RV, where
compensatory longitudinal strain increase in the RVFW
was evident in all coronary interventions.
Microvascular obstruction
Clinical studies have demonstrated that patients with
CMR-defined microvascular obstruction have significantly increase cardiovascular events in follow up[25].
Galiuto[26] has recently classified microvascular damage to
structural (irreversible) or functional (reversible), where
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Figure 5 Longitudinal strain analysis: phasic and peak. A: Phasic longitudinal strain rate curves quantitatively show increased strain in right ventricular free wall
(RVFW) and decreased strain in interventricular septum (IVS); B: Peak longitudinal strain. All interventions showed compensatory increase in peak strain in RVFW,
while significantly decreased longitudinal peak strain was only seen in the IVS of combined insult animals. Data are presented as means ± SEM. Control vs Microemboli, aP < 0.05; Control vs LAD Occlusion, bP < 0.01. LAD: Location aid device; LVFW: Left ventricular free wall.

demonstrated circumferential strain, confirming previous
findings that systolic and diastolic strain of an infarcted
segment is complex interaction[31].
Investigators have found that interventricular dyssynchrony is another measure of prognosis [32]. Our
data showed LV dyssynchrony in all interventions, as
evidenced by increased TTPS in LAD territory and decreased TTPS in remote myocardium. It has been shown
that patients with dyssynchrony are much more likely to
develop LV remodeling than those without dyssynchrony
(91% vs 2%)[33], because the pathophysiological remodeling process likely begins with a disorganized pattern
of contraction[34]. In the current study, all interventions
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caused significant dyssynchrony and underscored the disproportion of infarct size to functional myocardial damage. We also found unique strain rate changes in remote
myocardium related to microembolization only. These
measurements may yield valuable information on the
pathogenesis of ischemic cardiomyopathy, which seems to
have similar remodeling and is still poorly understood[30].
Longitudinal strain
It has been shown that RV has greater longitudinal pumping component than the LV[8]. Our study showed that all
coronary interventions caused significant increase in peak
systolic longitudinal strain of the RVFW. The changes
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Figure 6 Viability contrast enhanced magnetic resonance images postmortem histochemical triphenyltetrazolium chloride stain and microscopy in
animals subjected to soley microinfarction (top), soley location aid device occlusion/reperfusion (middle) and combined location aid device occlusion/reperfusion and microembolization (bottom). A: MR image and TTC stain show patchy microinfarct in the LAD territory; B: Postmortem histochemical TTC stain; C:
Shows necrotic small islands (black arrows), interstitial edema (white arrow) and microemboli (black arrowhead); D: MR image shows the large infarct (white arrows)
with hypoenhanced microvascular obstruction zone (white arrowhead); E: TTC section shows transmural infarct; F: Microinfarct tethering (black arrows) and interstial
edema (white arrows) at the edge of the infarct; G: MR image shows the large infarct with patchy hyperenhanced microinfarct in the peri-infarct region (white arrows)
with very large hypoenhanced microvascular obstruction zones (white arrowhead); H: TTC section shows hemorrhagic transmural infarct with patchy microinfarct in
the peri-infarct region; I: Necrotic small islands (black arrows), interstitial edema (white arrow) and microemboli (black arrowhead). V: Viable myocardium, H: Hemorrhage; I: Large infarct. TTC: Triphenyltetrazolium chloride; MRI: Magnetic resonance imaging; LAD: Location aid device.

in the RVFW function after LV insult clearly indicate
interventricular interaction and stressing the importance
of evaluating both ventricles in cases of myocardial infarction. Previous studies have shown that longitudinal
strain correlates to infarct size[35], Combined intervention
impaired longitudinal strain in IVS that is not detectable
in LAD occlusion/reperfusion group. It should be noted
that our method for measuring peak systolic longitudinal
strain is easy and quick enough to be applied in clinical practice. Furthermore, the acquired steady state free
precession cine MR images can be used without the need
to perform additional tagging imaging and it has been
recently validated against spatial modulation of magnetization tissue tagging method[24]. We propose that the
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improvement in strain is an index of myocardial viability
and is associated with global LV l improvement and may
reverse remodeling, which is an important predictor of a
favorable long-term outcome[26].
Study limitations
The synthetic microemboli used in this study may exhibit
no inflammatory reaction, but previous enzymatic assay[36]
and microscopy[16] demonstrated inflammatory reactions.
Another limitation is that the longitudinal strain rate was
not measured manually. A semi-automatic feature-tracking software has been recently used for assessing strain
rate (TomTec Imaging Systems, Munich, Germany)[24].
In conclusion, this MRI study suggests that circum-
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harmful effects that were not previously known. The long term changes in these
effects needs to be further researched.

ferential and longitudinal strain and strain rate are sensitive and noninvasive indices of ventricular dysfunction.
Patchy microinfarction is a complex ischemic injury,
which features disproportionate functional impairment in
the LV, including unique and dominant effects on global
LV function that is not replicated by LAD occlusion/
reperfusion, which represents “classic” acute MI. All
interventions showed dynamic interaction between left
and right ventricles. Furthermore, MRI has the potential to grade the severity of myocardial injury in various
ischemic insults and identifies left and right ventricular
dysfunction associated with myocardial damage.
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METHODS: A total of 275 patients were included in
this retrospective study, 155 patients were staged with
conventional anatomical staging (AS), and 120 also
submitted to MS (FDG-PET). Prognostic analysis compared 5y-OS and 5y-EFS of patients staged with AS
and MS. Risk-adjusted models incorporated clinical risk
factors, computed tomography and FDG-PET staging.
RESULTS: During the follow up of 267 evaluated patients, 220 (122 AS and 98 MS) achieved complete
remission after first-line therapy (median follow-up:
70 ± 29 mo), treatment failure occurred in 79 patients
and 34 died. The 5y-EFS for early vs advanced disease
in AS patients was 79.3% and 66.7%, and 85.6% and
53.6% in MS patients, respectively (P < 0.01). The
5y-OS for early and advanced disease with AS was
91.3% and 81.5%, and 97.5% and 80.7% for patients
staged with MS, respectively. Cox proportional hazards
analysis demonstrated that FDG-PET added signiﬁcant
prognostic information and improved risk prediction (P
= 0.02).
CONCLUSION: Initial staging FDG-PET could be used
as an accurate and independent predictor of OS and
EFS in HL, with impact in 5y-EFS and OS.
© 2013 Baishideng Publishing Group Co., Limited. All rights
reserved.

Abstract

Key words: Hodgkin disease; Positron-emission tomography; 2-[18F]-fluoro-2-desoxy-D-glucose positron
emission tomography; Neoplasm staging; Prognosis

AIM: To assess the prognostic value and risk classification improvement of metabolic staging (MS) with Initial
2-[18F]-fluoro-2-desoxy-D-glucose positron emission
tomography (FDG-PET) in initial staging of Hodgkin’s
Lymphoma (HL) patients to predict 5 years overall sur-
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intensify treatment in slow responders to increase cure
rates.
More recently, attempts to personalize treatment and
increase cure has shifted the emphasis earlier, to focus on
disease assessment at diagnosis and stratifying primary
treatment intensity to match the better prognosis of early
stage, and worse prognosis of late stage disease[12]. Initial
treatment stratification is based on the premise that accurate staging, alone or as part of a prognostic index,
predicts response to treatment and cure.
The availability of PET remains limited to major
referral centers. Scarce evidence demonstrating the increased accuracy of metabolic staging by PET in comparison to anatomical staging by CT has been published.
This increased accuracy would translate into greater discrimination between favorable and poor risk HL at the
time of diagnosis. Therefore the aim of the current study
was to establish whether PET staging translates into
more accurate prediction of outcome. This information
is not only clinically important, but also relevant to future
planning of clinical PET indications.

the determination of the event free survival and overall
survival (OS) in Hodgkin’s Lymphoma patients, also initial staging with FDG-PET was the strongest predictor
of OS and event free survival of the evaluated variables
analyzed. In the currently era of tailoring therapy to an
individual level, initial staging might play an even more
important role.
Cerci JJ, Linardi CCG, Pracchia LF, Soares Junior J, Trindade
E, Delbeke D, Cerci RJ, Carr R, Meneghetti JC, Buccheri V.
2-[18F]-fluoro-2-desoxy-D-glucose positron emission tomography initial staging impacts on survival in Hodgkin lymphoma.
World J Radiol 2013; 5(12): 484-490 Available from: URL:
http://www.wjgnet.com/1949-8470/full/v5/i12/484.htm DOI:
http://dx.doi.org/10.4329/wjr.v5.i12.484

INTRODUCTION
The anatomical extent, or stage, of disease is an important predictor of prognosis in Hodgkin’s Lymphoma
(HL). The method to determine disease stage at diagnosis
has evolved over time. During the 1970s establishing the
clinical extent of disease was based on clinical examination and laparotomy to assess abdominal disease[1]. During the 1980s computed tomography (CT) allowed more
accurate assessment of the presence of enlarged visceral
lymph nodes, increasing the staging precision, and then
combining disease stage with other clinical signs to increase the accuracy of prognosis prediction at the time of
diagnosis[2,3]. The Ann Arbor staging system, modified in
Cotswolds in 1988 is used in the initial staging of Hodgkin lymphoma patients. Stage Ⅰ indicates involvement of
one lymph node chain, stage Ⅱ indicates involvement of
at least two lymph node chains, confined to one side of
the diaphragm, stage Ⅲ indicates involvement of lymph
nodes from both sides of the diaphragm and stage Ⅳ
indicates involvement at least one extra-lymphatic organ.
The absence or presence of constitutional symptoms, like
fever, weight loss or night sweating are denoted by adding “A” or “B” to the stage; respectively, and the presence
of a large tumoral mass with at least 10 cm in the largest
diameter is classified as bulky disease[2].
Since the 1990s, the introduction of positron emission tomography with 2-[18F]-fluoro-2-desoxy-D-glucose
(FDG-PET) has enabled the detection of metabolically
active tumors cells within anatomically normal lymph
nodes and extranodal sites. A number of publications
demonstrated the increased sensitivity of pre-treatment
staging by PET compared to CT[4-8]. At that time, standard treatment for HL was based on the ABVD regimen
irrespective of disease stage at diagnosis.
Subsequently, attention has focused on the use of
PET to assess response to of treatment assessing the reduction of FDG after 2 or 3 cycles of chemotherapy[9-11].
Clinical interest has been directed to exploring the potential of early “metabolic” response assessment to reduce
treatment, and therefore toxicity in rapid responders, or
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MATERIALS AND METHODS
Patients
Patients presenting at the Hematology Division of the
São Paulo University Clinics Hospital with newly diagnosed, biopsy proven, classical HL, between July 1999
and December 2007 were included in a this retrospective
study comparing disease staging by CT or by PET. Patients included between 1999 and 2003 (Era 1) were imaged by CT, and from 2003 to the end of 2007 (Era 2) by
PET in addition to CT. The Ethical Board of the Clinical
Hospital of the University of São Paulo approved the
study.
Staging by CT (Era 1)
All patients underwent clinical staging procedures including physical examination, complete blood cell counts and
blood chemistry, CT scans (cervical, thoracic, abdomen
and pelvic), and bilateral iliac crest bone marrow biopsy.
CT scans were sectioned at a thickness of 1 mm, and oral
and intravenous contrast agents were administered to all
patients. Conventional anatomical staging (AS) of each
patient was assigned according to the Ann Arbor staging
system[1] modified during the Cotswold meeting based on
CT imaging and results of bone marrow biopsy.
Staging by FDG-PET (Era 2)
Whole-body PET imaging was acquired after a 60 min
uptake period following the intravenous administration of 296-444 MBq (8-12 mCi) of FDG. Imaging
was performed using 2-D acquisition in a GE Advance
PET scanner (GE Advance; GE Healthcare, Waukesha,
Wisconsin, United States). Attenuation correction was
performed using 68Ge sources. Two experienced boardcertified nuclear medicine physicians interpreted FDGPET scan. Areas of non-physiological abnormalities
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Table 1 Clinical characteristics of 267 patients with newly diagnosed hodgkin lymphoma n (%)
Characteristics
Gender
Male
Age, median ± SD
Pathological subtype
Nodular sclerosis
Non classified
Mixed cellularity
Lymphocyte predominance
Lymphocyte depleted
B symptoms
Bulky disease (> 7 cm)
Clinical stage
         Ⅰ
  Ⅱ
       Ⅲ
        Ⅳ
Treatment failure
Death

Era 1 150 patients AS

Era 2 117 patients MS

P

82 (54.7)
33.4 ± 15.1

63 (52.5)
34.1 ± 16.1

0.89
0.25

88 (58.7)
17 (11.3)
31 (20.7)
12 (8.0)
2 (1.3)
99 (66.0)
91 (60.3)

71 (59.2)
22 (18.3)
12 (10.0)
9 (7.5)
6 (5.0)
76 (65.0)
67 (57.3)

12 (8.0)
61 (40.7)
35 (23.3)
42 (28.0)
43 (28.7)
20 (13.3)

9 (7.7)
45 (38.5)
27 (23.1)
36 (30.8)
36 (30.8)
14 (12.0)

0.53

0.85
0.74
0.12

0.70
0.73

AS: Anatomical staging; MS: Metabolic staging.

with increased FDG uptake over the background were
classified as positive for disease. Involvement was defined
according to the criteria established by the Consensus of
the Imaging Subcommittee of International Harmonization Project in Lymphoma[4].
During Era 2 patients underwent CT, PET imaging
and bone marrow biopsy. The interval between CT and
PET scan was never longer than two weeks. Final stage
assignment was based on information from both CT and
PET, Metabolic stage (MS).
Treatment planning and outcome analysis were based
on assignment of disease stage as determined by conventional AS in Era 1 and metabolic staging in Era 2.

or time of censoring and the event free survival (EFS)
was calculated from the time of diagnosis to refractory
disease, relapse, and death from any cause or time of
censoring using the Kaplan-Meyer method. For the purpose of survival analysis patients were divided into Early
Stage (Ⅰ, Ⅱ) and Advance Stage (Ⅲ, Ⅳ) and the survival
curves were compared by log-rank test. The effect of
MS and AS on 5-year incidence of treatment failure and
mortality risk were also determined using Cox regression
models. Patients of Era 1 (AS) were censored if reached
a maximum follow up of 5 years for the purpose of
comparative analysis with patients of Era 2 (MS).
All statistical analyses were done using Stata Statistical
Software, Release 11 (College Station, TX: StataCorp LP).
A P value of 0.05 was considered statistically signiﬁcant.

Treatment and follow-up
Early stage Ⅰ and Ⅱ patients were treated with four to
six cycles of chemotherapy using ABVD (doxorubicin,
bleomycin, vinblastine and dacarbazine). Advanced stage
Ⅲ patients were treated with six to eight cycles (varying
according to anatomical treatment response) of ABVD
and all stage Ⅳ patients were treated with eight cycles of
ABVD. Radiotherapy on involved fields was included in
early stage Ⅰ and Ⅱ cases, as part of the combined modality therapy, after four cycles of chemotherapy, or when
bulky disease was present, regardless of the clinical stage.
This approach to treatment of HL was the same
throughout all the period of study, and did not change
following the introduction of PET. Treatment was not
modified by results of mid treatment scanning during the
PET era.

RESULTS
Clinical characteristics
This study population included 275 patients. Eight (2.8%)
patients lost follow-up, therefore 267 patients (5/155 of
AS and 3/120 of MS), were included in the final study
cohort.
Table 1 shows the baseline clinical characteristics of
the MS and AS groups. Baseline and clinical characteristics of patients were similar in both groups, with no statistical differences (Table 1).
Twenty six of the 117 Era 2 patients had their disease
upstaged by PET, in comparison with anatomical staging
(Ⅰ→Ⅱ, 5 patients; Ⅰ→Ⅲ, 1 patient; Ⅰ→Ⅳ, 1 patient; Ⅱ
→Ⅳ, 4 patients, Ⅲ→Ⅳ, 8 patients) and 14 had their disease downstaged (Ⅱ→Ⅰ, 3 patients; Ⅲ→Ⅱ, 4 patient; Ⅳ
→Ⅰ, 1 patient; Ⅳ→Ⅱ, 2 patients; Ⅳ→Ⅲ, 4 patients).

Statistical analysis
Differences in categorical variables among groups were
compared by the χ 2 test and differences in continuous
variables among groups were compared by the MannWhitney test. The overall survival (OS) was calculated
from the time of diagnosis to death from any cause
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Follow up
During the follow up, 29.6% (79/267) patients presented
treatment failure (refractory disease or relapse), includ-
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Figure 1 Kaplan-meier plot showing the overall survival and event free survival of conventional staging and metabolic staging in initial staging of Hodgkin
lymphoma patients.

Table 2 Hazard ratio of clinical characteristics in the group of patients staged conventionally and with 2-[18F]-fluoro-2-desoxy-Dglucose positron emission tomography
Five-year-EFS

Age (> 45, ≤ 45)
Gender
B symptoms
Bulky
Early vs advance
clinical stage
Stage Ⅳ disease
Serum albumin
Hemoglobin
White blood
cell count
Lymphocyte
count
IPI (0-2, ≥ 3)

AS
HR (95%CI)
1.89 (0.95-3.76)
1.32 (0.72-2.44)
2.19 (1.05-4.57)
0.94 (0.50-1.79)
2.05 (1.09-3.85)

0.067
0.362
0.036
0.868
0.024

MS
HR (95%CI)
1.75 (0.86-3.57)
0.85 (0.44-1.63)
1.76 (0.82-3.76)
0.94 (0.48-1.84)
2.73 (1.19-6.24)

2.42 (1.32-4.42)
1.09 (.057-2.07)
1.50 (0.79-2.85)
2.11 (1.03-4.30)

0.004
0.775
0.206
0.039

1.81 (0.95-3.44)
3.41 (1.80-6.47)

Five-year-OS

0.121
0.628
0.140
0.869
0.017

CS
HR (95%CI)
2.97 (1.18-7.47)
2.00 (0.76-5.20)
2.27 (0.76-6.81)
1.06 (0.40-2.77)
2.51 (0.96-6.55)

2.33 (1.20-4.50)
1.52 (0.71-3.25)
1.35 (0.67-2.71)
1.62 (0.62-4.18)

0.012
0.273
0.399
0.319

0.067

2.61 (1.27-5.3)

0.000

2.08 (1.07-4.08)

P

0.020
0.155
0.142
0.899
0.059

MS
HR (95%CI)
6.59 (2.20-19.68)
0.83 (0.29-2.38)
1.44 (0.45-4.61)
0.41 (0.13-1.22)
8.09 (1.05-61.85)

0.001
0.739
0.532
0.111
0.044

3.67 (1.52-8.88)
2.12 (0.71-6.37)
2.47 (1.02-5.96)
2.55 (1.84-8.2)

0.004
0.178
0.044
0.041

6.54 (1.82-23.48)
1.91 (0.53-6.87)
1.43 (0.48-4.29)
1.68 (0.37-7.54)

0.004
0.318
0.514
0.495

0.009

2.44 (0.99-6.00)

0.050

2.84 (0.95-8.51)

0.061

0.031

3.74 (1.43-9.77)

0.007

4.98 (1.38-17.86)

0.014

P

P

P

IPI: International prognosis index; OS: Overall survival; EFS: Event free survival; AS: Anatomical staging; MS: Metabolic staging; CS: Conventional stage.

ing 28.6% (43/150) patients staged with AS and 30.7%
(36/117) patients staged with MS. The median follow-up
was 55 ± 16 mo; 45 ± 21 mo for patients staged with AS
and 40 ± 18 mo for patients staged with MS. Moreover,
12.7% (34/267) patients died; 13.3% (20/150) patients
staged with AS and 12% (14/117) patients staged with
MS. All treatment failures were confirmed by biopsy.
There were no statistical differences of treatment failure
and mortality between the two groups (Table 1, Figure 1).

with AS was 79.3% and 66.7%, respectively; and 85.6%
and 53.6% for patients staged with MS (P < 0.01). The
five-year OS for early and advanced patients staged with
AS was 91.3% and 81.5%, respectively; and 97.5% and
80.7% for patients staged with MS (P = 0.04). Figure 2
shows the Kaplan-Meier plot showing the OS and EFS
for early and advance stage patients groups, staged with
AS and MS.
When the EFS was evaluated in Era 2 patients according to their conventional staging, instead of their metabolic staging, the five-year EFS for early and advanced
patients was 82.6% and 61.4%, respectively, instead of
85.6% and 53.6%. When the OS was evaluated in Era 2
patients according to their conventional staging, instead
of their metabolic staging the five-year OS for early and
advanced patients was 97.9% and 82.4%, respectively, instead of 97.5% and 80.7% (Figure 3).

Staging and prognosis
The hazard ratios of clinical characteristics in the group
of patients staged by CT and with FDG-PET are listed
in Table 2. The evaluation with FDG-PET dividing patients with early and advance stage was the most important prognostic factor for EFS and OS in the MS group
of patients, while international prognosis index was the
most important in the AS group of patients.
The three- and five-year OS and EFS of AS and MS
in initial staging of HL patients are shown in Table 3.
The five-year EFS for early and advanced patients staged
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DISCUSSION
The results of this single center study, with a standard-
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Figure 2 Kaplan-meier plot showing the overall survival and event free survival for early and advance stage patients groups, staged with anatomical staging and metabolic staging.
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Figure 3 Kaplan-meier plot showing the overall survival and event free survival for early and advance stage Era 2 patients groups, staged with anatomical
staging and metabolic staging. AS: Anatomical staging; MS: Metabolic staging.

Also a great importance has been pointed that metabolic treatment response is more important than initial
staging especially in HL[11,18-21]. Although current focus is
on adapting therapy based on interim PET response, it is
perhaps even more important to ensure the most appropriate initial staging, if taken into account the tendency
is tailoring therapy with ABVD for early disease and
BEACOPP for advance stage[22]. Therefore getting initial
staging accuracy is even more important because it might
influence primary therapy.
This study has some important limitations. Results are
based on two series of cases, one staged conventionally
and another subsequent series also staged with FDGPET. However the spread of Ann Arbor stage and overall treatment outcome data is equivalent between the two
series, demonstrating that both are equivalent in terms of
patients and treatment. When the EFS of Era 2 patients
classified according to metabolic staging was compared
to the EFS of the same patients classified according
to anatomical staging, it was also possible to observe a
higher accuracy of the metabolic staging. Also, a randomized trial would be desirable, however in face of the
amount of data showing the importance of MS, denying
the FDG-PET evaluation in a group could be an ethical
issue. Another limitation of the current study is the analysis of a patient population from a single health center.
Several authors have extensively studied the performance
of PET and PET/CT compared with CT over the past
decades; as such, the compilation of multiple studies with

ized protocol for treating early and advance stage disease,
shows that the 5 years EFS for early and advanced patients staged with AS were 79.3% and 66.7%, and 85.6%
and 53.6% for patients staged with MS, respectively (P
< 0.01). The 5 years OS for early and advanced patients
staged with AS was 91.3% and 81.5%, respectively; and
97.5% and 80.7% for patients staged with MS (P = 0.04).
This demonstrates that MS has impact on EFS and OS.
In the last 20 years, FDG-PET has been shown to be
more accurate then AS, changing clinical stage in about
30% of patients[5-8,13-16]. Although many studies compared
CT and PET stage assignment, little data was presented
on how this can be translated into outcomes. Munker et
al[17], in a retrospective study evaluating 73 HL patients
demonstrated a worse prognosis for the cases in which
FDG-PET changed stage from Ⅰ or Ⅱ to Ⅲ or Ⅳ .
However, due to the limited time of follow-up, no difference in survival could be demonstrated between patients
who remained in the same stage and patients who were
upstaged by PET. Our results of 267 HL patients, with
a longer follow up, shows that when staging takes full
account of initial PET data, the separation of outcomes
between early and advance stage HL becomes statistically
significant regarding EFS, and clinically important with
significant higher hazard ratios regarding OS and EFS.
These differences are probably related to a better stratification of risk of these patients with FDG-PET, since
no differences in therapy, supportive care and follow up
were performed in this series of patients.
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is more accurate in staging. Therefore, some of the early stages as determined
by CT scan are upstaged to more advanced stages.

Table 3 The three- and five-year overall survival and event
free survival of conventional staging and metabolic staging in
initial staging of hodgkin lymphoma patients
Survival

REFERENCES

150
117
267
Patients CS Patients MS Total patients

Three-year EFS
Stage Ⅰ
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Early stage
Stage Ⅲ
Stage Ⅳ
Advanced stage
Five-year EFS
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Early stage
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Advanced stage
Three-year OS
Stage Ⅰ
Stage Ⅱ
Early stage
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Stage Ⅳ
Advanced stage
Five-year OS
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Advanced stage
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Metabolic staging.
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including strip-, wedge- or patch-shaped HAP distributed in the hepatic tissue adjacent to the gallbladder
and left and right liver lobes. There were no significant
2
differences in the prevalence of HAP (χ = 0.305, P
2
= 0.581 > 0.05) or HAP distribution in the liver (χ =
2.181, p = 0.536 > 0.05) between patients with and
without gallbladder and CBD abnormalities. There were
no significant differences in the MRSI score between
patients with and without HAP (t = 0.559, p = 0.552 >
0.05). HAP was not correlated with the MRSI score.

Abstract

Key words: Pancreatitis; Hepatic abnormal perfusion;
Magnetic resonance imaging; Gallbladder

CONCLUSION: HAP is common in patients with AP
and appears strip-, patch- or wedge-shaped on MRI.
HAP on MRI cannot be used to indicate the severity of
AP.
© 2013 Baishideng Publishing Group Co., Limited. All rights
reserved.

AIM: To study the prevalence and patterns of hepatic
abnormal perfusion (HAP) visible by magnetic resonance imaging (MRI) in acute pancreatitis (AP).

Core tip: hepatic abnormal perfusion (HAP) due to
acute pancreatitis on enhanced magnetic resonance
imaging (MRI) presents as a strip-shaped abnormality
of the hepatic tissue adjacent to the gallbladder or a
patch- or wedge-shaped abnormality with lobar distribution in the liver, which is most likely caused by both
the inflamed gallbladder and acute pancreatitis. Indications of HAP resulting from acute pancreatitis should
not be misinterpreted as primary liver abnormalities.
The presence of HAP on MRI cannot be used to indicate the severity of acute pancreatitis.

METHODS: Enhanced abdominal MRI was performed
on 51 patients with AP. These patients were divided
into two groups according to the MRI results: those
with signs of gallstones, cholecystitis, common bile duct
(CBD) stones or dilatation of the CBD on MRI and those
without. The prevalence, shape and distribution of HAP
in the two groups were analyzed and compared. The
severity of AP was graded using the MR severity index
(MRSI). The correlation between the MRSI and HAP
was then analyzed.

tang W, Zhang XM, Zhai ZH, Zeng NL. Hepatic abnormal perfusion visible by magnetic resonance imaging in acute pancreatitis. World J Radiol 2013; 5(12): 491-497 Available from: URL:
http://www.wjgnet.com/1949-8470/full/v5/i12/491.htm DOI:
http://dx.doi.org/10.4329/wjr.v5.i12.491

RESULTS: Of the 51 patients with AP, 32 (63%)
showed at least one sign of gallbladder and CBD abnormalities on the MR images, while 19 (37%) showed no
sign of gallbladder or CBD abnormalities. Nineteen patients (37%) had HAP visible in the enhanced images,
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February 2010 and February 2013 were considered for
inclusion in this study. The diagnosis of AP was confirmed by the presence of acute typical abdominal pain
and elevated serum levels of amylase or lipase, with levels
three times normal indicating AP. The recruitment criteria for patients in this study were as follows: (1) AP at
first onset; (2) enhanced abdominal MR examination; (3)
upper abdominal MR examinations within 3 d of admission; (4) no related hepatic disease; (5) no hepatic vessel
abnormality; and (6) the presence of a gallbladder.
Of the 51 patients enrolled in the study, there were
18 women and 33 men, with an average age of 49 ± 15
years (range 17 to 82 years).

INTRODUCTION
The pancreas is supplied by a rich plexus of arteries,
derived from multiple branches of the coeliac trunk and
superior mesenteric artery. Peripancreatic vessels are rich
and complicated. Abnormal changes in major vessels and
the microvasculature can be found in acute pancreatitis
(AP), and the pathology of pancreatic and peripancreatic
microcirculation has a significant impact on the early development and progression of the disease[1,2]. AP affects
both the systematic and pancreatic vasculature[3-5]. The
abnormal changes are not confined to the pancreas and
may affect the gastrointestinal tract, liver, lung, kidney
and skeletal muscle[6-11].
In AP, ex-pancreatic organ abnormalities are indicative of higher disease severity that can exacerbate pancreatic and systemic injury[1,10]. The identification of expancreatic organ abnormalities is essential for predicting
the severity of AP. Ex-pancreatic organ abnormalities
have been found in the gallbladder and abdominal wall
using magnetic resonance imaging (MRI); these abnormalities were correlated with the severity of AP[12,13].
The liver is adjacent to the pancreas; abnormalities
may be observed in the liver early in the course of AP
because of abnormal peripancreatic microcirculation[8].
Liver abnormality has also been identified using computed tomography (CT) in patients with AP, while hepatic
perfusion disorder was found in a different anatomic site
of the liver[14]. Other studies have used various terms for
hepatic perfusion disorder including transient hepatic
signal intensity differences, transient hepatic attenuation
differences, or transient hepatic parenchyma enhancement[15-17]. This study refers to these phenomena as hepatic abnormal perfusion (HAP). Causes of HAP include
hepatic vein abnormality, hepatic tumor, liver cirrhosis,
inflammatory changes of the liver or organs adjacent to
the liver, and others[15,16].
Imaging tools including CT and MRI play an important role in predicting the severity of AP by revealing abnormalities of the pancreas, peri-pancreas and ex-pancreatic organs[12,13,18-20]. Arita et al[14] reported that HAP in AP
is most likely caused by increased arterial blood flow, the
result of an inflamed lobe of the liver or inflamed gallbladder; HAP disappeared when AP had subsided in 5 of
28 patients (according to CT imaging). Is HAP related to
the severity of AP and inflamed gallbladder?
To the best of our knowledge, this is the first report
of HAP in AP on MRI. We present the spectrum of
various HAP of AP visible by MRI, including the morphology, cause, prevalence, distribution, and pathogenesis
of HAP as well as any association between HAP and the
severity of AP.

MRI techniques
MRI was performed on a 1.5-T MR scanner with 38
mT/m gradients and 120 mT/m per second slope (Signa
Excite; GE Medical Systems, Milwaukee, Wis), using a
phased-array torso-pelvis coil. The sequences included
axial fast spoiled gradient echo (FSPGR) T1-weighted
imaging with fat suppression, gradient-echo (GRE) T1weighted in-phase and out-of-phase MRI, respiratorytriggered (R-T) axial fast recovery fast spin-echo (FRFSE)
T2-weighted MRI with fat suppression, coronal and axial
single shot fast spin-echo (SSFSE) T2-weighted MRI,
SSFSE radial series slabs MR cholangiopancreatography
(MRCP), and three-dimension (3D) FSPGR dynamic enhanced MRI.
FSPGR T1-weighted imaging with fat suppression
was obtained in 1 or 2 breath holds, with the following
parameters: repetition time (TR, ms)/echo time (TE, ms)
= 150-170/1.6; flip angle = 80°; matrix = 512 × 160-192;
field of view (FOV) = 26-32 cm; section thickness =
5 mm; number of excitation (NEX) = 1; and sampling
bandwidth = 20.8 kHz.
GRE in-phase and out-of-phase MRI were acquired
during breath hold, with the following parameters: TR
(ms)/TE (ms) = 150/4.4, 2.2; flip angle = 90°; matrix =
256 × 192-224; FOV = 26-32 cm; section thickness = 5
mm; NEX = 1; and sampling bandwidth = 31 or 62 kHz.
R-T FRFSE T2-weighted sequences were obtained
with the following parameters: TR (ms)/TE (ms) =
10000-12000/90-100, TR determined by the frequency
of respiration; section thickness = 5 mm; intersection
gap = 0.5 mm; matrix = 256 × 192; NEX = 3; and FOV
= 34 cm × 34 cm. The acquisition took approximately 3-4
min to complete.
Coronal and axial SSFSE T2-weighted images were
obtained during breath hold, with the following parameters: TE = 90-100 ms; 2 s between slice acquisitions;
section thickness = 5 mm; intersection gap = 0.5 mm;
matrix = 384 × 224; one-half signal acquired; and FOV
= 33 cm × 33 cm.
Radial oblique slab SSFSE images were obtained for
MRCP with the following parameters: TE = 1300 ms; 6 s
between image acquisitions; section thickness = 40 mm;
matrix = 384 × 224; one-half signal acquired; and FOV
= 30 cm × 30 cm.
Dynamic enhanced imaging was performed with an

MATERIALS AND METHODS
Patient population
This retrospective study was approved by our institutional review board. Patient informed consent was waived.
Patients with AP admitted to our institution between
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Figure 1 A 65-year-old man with acute pancreatitis combined with cholecystitis as well as common bile duct and intrahepatic bile duct dilatation. Fast
recovery fast spin-echo T2-weighted image (A) shows gallbladder distention (arrowhead), perigallbladder fluid (short arrow), common bile duct dilatation (short arrow),
and peripancreatic strand hyperintensity signal (long arrow). Patch- or wedge-shaped hepatic abnormal perfusion is found in the left and right lobes of the liver on the
artery phase images (B, arrow) and returns to normal on the venous phase images (C).

axial fat saturated 3D FSPGR sequence. Gadolinium chelate was administered (0.2 mmol/L per kilogram of body
weight) intravenously at approximately 3.5 mL/s by projector (Spectris MR Injection System, Medrad Inc., United States) injection, followed by a 20-mL saline solution
flush. An additional delayed phase was acquired using 2D
FSPGR fat suppression axial T1-weighted imaging.

more signs of gallstones, cholecystitis, CBD stones and
dilatation of CBD) and those without. The percentages
of patients with HAP in all patients were calculated. The
percentage of patients with HAP and the percentage of
HAP distribution in the liver were calculated in each of
the two groups. χ 2 tests were used to analyze the difference between the two groups for the prevalence of HAP
and HAP distribution in the liver.
The MRSI is given as the range and the mean ± SD,
and independent-sample t tests were used to test the difference between the patients with and without HAP.
Data analysis was performed using the Statistical
Package for Social Sciences for Windows (Version 13.0,
Chicago, IL, United States). P ≤ 0.05 was considered significant.

MRI analysis
The original MRI data were loaded onto a computer
workstation (GE, AW4.1, Sun Microsystems, Palo Alto,
CA, United States) for review. Two observers (with 5 and
8 years’ experience in interpreting abdominal MR images,
respectively) independently reviewed MR images, and
any discrepancies between the two reviewers were settled
by consensus. The reviewed findings included: HAP was
defined as an area of hepatic parenchyma enhancement
that was different on the artery phase images, with a return to same signal intensity on venous phase images and
delayed phase images compared with the surrounding
normal hepatic tissues[15-17]. The presence or absence of
HAP as well as the morphology and distribution of HAP
in the liver were analyzed. Gallstones, cholecystitis, common bile duct (CBD) stones and dilatation of CBD: gallbladder and CBD stones were observed on T2 weight or
MRCP images, which showed a hypointense area or a filling defect in the bright bile background[13]. Cholecystitis
was diagnosed using MRI by identifying gallbladder wall
thickening (more than 3 mm), gallbladder wall edema,
gallbladder distention (diameter more than 40 mm), and
pericholecystic fluid. The presence of one or more of the
four criteria was indicative of cholecystitis[21,22]. Dilatation
of the CBD was defined as the short diameter of the
CBD over 7 mm on T2-weighted and MRCP images[23].
The severity of AP on the MRI was scored with the MR
severity index (MRSI), which was derived from the CT
severity index[18-20,24].

RESULTS
Gallstones, cholecystitis, CBD stones and dilatation of
CBD
Of the 51 patients with AP, 32 (63%) had at least one
sign of gallbladder and CBD abnormalities on the MR
images, and 19 (37%) showed no signs of gallbladder or
CBD abnormalities. In the 32 patients with gallbladder
and CBD abnormalities, gallbladder distention was found
in 3 patients (Figure 1), pericholecystic fluid in 15 patients (Figures 1 and 2), gallbladder wall thickening in 19
patients, gallbladder wall edema in 4 patients, gallstones
in 21 patients (Figure 3), CBD stones in 2 patients, and
CBD dilation in 8 patients (Figures 1 and 3).
HAP
In the 51 patients with AP, 19 (37%) showed indications
of HAP on enhanced images. Of the 19 patients with
HAP, 15 (80%) had HAP on the arterial phase images
and returned to normal on the venous phase images (Figures 1-4), while 4 (20%) had HAP on both the arterial
and venous phase images with a return to normal on the
delayed phase images (Figure 5).
In the 19 patients with HAP, there were 11 patients
(58%) with gallbladder and CBD abnormalities and 8 patients (42%) without. The prevalence of HAP in patients
with AP in combination with gallbladder or CBD abnor-

Statistical analyses
In China, the etiology of AP is closely related to the presence of gallbladder and common bile stones[13]. We therefore classified AP patients into two groups: those with
gallbladder and CBD abnormalities (indicated by one or
WJR|www.wjgnet.com
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Figure 2 A 43-year-old woman with acute pancreatitis combined with cholecystitis. Respiratory-triggered axial fast recovery fast spin-echo T2-weighted image (A)
shows the peripancreatic strand hyperintense signal and perinephric fluid collection (short arrow) as well as perigallbladder fluid (long arrow). Strip-shaped hepatic abnormal perfusion is found in the hepatic tissue adjacent to the gallbladder on the arterial phase images (B, arrow) and returns to normal on the venous phase images (C).
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Figure 3 A 49-year-old man with acute pancreatitis combined with cholecystitis, gallbladder stone and common bile duct dilatation.
Respiratory-triggered axial fast recovery fast spinecho T2-weighted image (A) shows cholecystitis
and gallbladder stones (short arrow) as well as
common bile duct dilatation (long arrow). Patchor wedge-shaped hepatic abnormal perfusion is
found in the left lobe of the liver on arterial phase
images (B, arrow).

C

Figure 4 A 50-year-old woman with acute pancreatitis without gallbladder and common bile duct abnormalities. Fast recovery fast spin-echo T2-weighted
image (A) shows peri-pancreatic strand hyperintensity signal (arrow). Wedge-shaped hepatic abnormal perfusion (arrow) is found in the right lobe of liver on the artery
phase (B) and returns to normal on the venous phase images (C).

malities was greater than that in patients with AP without
gallbladder or CBD abnormalities, but the difference
between the two groups was not significant (χ 2 = 0.305,
p = 0.581 > 0.05) (Table 1).
Of the 11 patients with AP in combination with
gallbladder and CBD abnormalities, 7 (64%) showed
strip-shaped HAP in the hepatic tissues adjacent to the
gallbladder (Figure 2), 2 (18%) showed wedge- or patchshaped HAP in both the left and right hepatic lobes (Figure 1), 1 (9%) showed wedge- or patch-shaped HAP only
in the right hepatic lobe, and 1 (9%) showed wedge- or
patch-shaped HAP only in the left hepatic lobe (Figure 3).
In the 8 AP patients without gallbladder and CBD
abnormalities, 3 (38%) showed strip-shaped HAP in hepatic tissues adjacent to the gallbladder, 1 (12%) showed

WJR|www.wjgnet.com

wedge- or patch-shaped HAP in both the left and right
hepatic lobes, 2 (25%) showed wedge- or patch-shaped
HAP only in the right hepatic lobe (Figure 4), and 2 (25%)
showed wedge- or patch-shaped HAP only in the left hepatic lobe (Figure 5).
There were no significant differences in the HAP
distribution in the liver (χ 2 = 2.181, p = 0.536 > 0.05) between the patients with and without gallbladder and CBD
abnormalities (Table 2).
MRSI
In all 51 patients with AP, the mean MRSI was 2.7 ± 1.3,
with scores ranging from 1 to 4. In the 19 patients with
HAP, the mean MRSI was 3.2 ± 1.0, with scores ranging
from 1 to 4. In the 32 patients without HAP, the mean
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Figure 5 A 45-year-old man with acute pancreatitis without gallbladder or common bile duct abnormalities. Fast recovery fast spin-echo T2-weighted image
(A) shows the left anterior pararenal space fluid collection (arrow). Wedge-shaped hepatic abnormal perfusion (arrow) is found in the left inner lobe of the liver on the
arterial phase (B) and venous phase images (C).

Table 1 The visibility of hepatic abnormal perfusion in patients with acute pancreatitis
Acute pancreatitis (n = 51)

Visible hepatic abnormal perfusion

No visible hepatic abnormal perfusion

11

21

8

11

Acute pancreatitis combined with gallbladder and common bile
duct abnormalities (group 1) (n = 32)
Acute pancreatitis without gallbladder and common bile duct
abnormalities (group 2) (n = 19)

χ 2 = 0.305, P = 0.581 > 0.05.

Table 2 Hepatic abnormal perfusion distribution in patients with hepatic abnormal perfusion
Patients with hepatic abnormal perfusion (n = 19)

Hepatic abnormal perfusion distribution in the liver
Adjacent to the gallbladder

Both left and right

Right

Left

7

2

1

1

3

1

2

2

Acute pancreatitis combined with gallbladder and common bile duct
abnormalities (group 1) (n = 11)
Acute pancreatitis without gallbladder and common bile duct
abnormalities (group 2) (n = 8)

χ 2 = 2.181, P = 0.536 > 0.05.

to categorize the patients with HAP into two groups:
one group of patients with AP in combination with gallbladder and CBD abnormalities and another group of
patients with AP and no gallbladder or CBD abnormality.
Although the prevalence of HAP in patients with AP in
combination with gallbladder and CBD abnormalities
(58%) is higher than that in patients with AP but no
gallbladder or CBD abnormalities (42%), there is no significant difference between the two groups. We speculate
that the first cause of HAP in AP is the inflammatory
process of AP spreading to the liver, while the second
cause is the inflammatory process of cholecystitis spreading to the liver.
In the patients with AP and no gallbladder or CBD
abnormalities, HAP was identified in hepatic tissue adjacent to the gallbladder (38%) and in the left and right
lobes of the liver (62%). In patients with AP in combination with gallbladder and CBD abnormalities, HAP was
identified in hepatic tissue adjacent to the gallbladder
(64%) and in the left and right lobes of the liver (36%).
There were no significant differences in the HAP distribution between the two groups. The distribution of
HAP in AP is different from that of HAP caused only by

MRSI was 3.0 ± 1.0, with scores ranging from 2 to 4.
There were no significant differences in the MRSI scores
between patients with and without HAP (t = 0.559, p =
0.552 > 0.05).

DISCUSSION
Pancreatic disease is related to gallbladder disorders because the gallbladder is located close to the pancreas[25,26].
Gallbladder abnormalities in carcinoma of the pancreatic
head and AP have been reported[13,27]. In our study, 63%
of patients with AP also showed signs of gallbladder
and CBD abnormalities, which were discovered mainly
by identifying cholecystitis on MRI images. The results
demonstrate that gallbladder abnormalities are correlated
with inflammation due to AP. Similarity, the inflammatory process of AP often spreads to the liver because the
body of the pancreas is located close to the left lobe of
the liver[14,28-30].
Inflammatory changes in the organs adjacent to liver
can lead to HAP in the liver, as indicated by a previous
study that reported HAP was found on CT images of
patients with AP[14]. In our study, we used MRI images
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disease severity that has the potential to exacerbate pancreatic and systemic
injury. The identification of ex-pancreatic organ abnormality is essential in predicting the severity of AP. Hepatic abnormal perfusion (HAP) in AP is most likely
caused by increased arterial blood flow due to the inflamed lobe of the liver or
the inflamed gallbladder. Is HAP related to the severity of AP and the inflamed
gallbladder?

cholecystitis. HAP caused by cholecystitis is mainly distributed in hepatic tissue adjacent to the gallbladder, with
no distribution on the left or right lobes of the liver[31,32].
Our results of the HAP distribution indicate that the biliary and pancreatic diseases influence each other because
of their close anatomic site and related functions[25].
We found that HAP was strip, patch or wedge-shaped
on enhanced MR images of patients with AP. Our results
are similar to those obtained by Arita et al[14] by CT. The
shape of HAP can elucidate the pathogenic mechanisms
by which AP causes HAP. Strip-shaped HAP adjacent to
the gallbladder is attributable to hepatic arterial hyperemia and increased venous drainage caused by the inflammatory process in the gallbladder[14,31]. Patch- and wedgeshaped HAP in the left and right lobes of the liver are
caused by the inflammatory process of AP, which may
spread to the liver through the hepatoduodenal ligament
or gastrohepatic ligament toward the porta hepatis, finally
spreading along the Glisson sheath; another pathway is
through the lesser sac to the left lobe of the liver[28-30].
Understanding the pathway of AP spread can help predict the severity of AP.
MRSI is used for staging AP by grading both the degree of pancreatic and peripancreatic fluid and the extent
of pancreatic necrosis. The sum of these parameters
resulted in the development of an MRSI[18-20]. The MRSI
has more advantages for predicting local complications
and has a limited role in predicting systemic complications[19]. Ex-pancreatic organ abnormalities in patients
with AP reflect systemic complications, as abdominal wall
edema and gallbladder abnormalities were reported on
MRI images. The presence of these abnormalities had a
positive correlation with the severity of AP and may be a
supplementary factor for grading the severity of AP[12,13].
In our study, HAP in AP had no correlation with the
severity of AP identified using MRI. We speculate that
HAP in AP is caused by both cholecystitis and AP, which
is the reason for the correlation between HAP and the
severity of AP.
In addition, in our study, 4 patients (20%) had HAP
on the both arterial phase and venous phase images that
returned to normal on the delayed phase images (Figure 1). This finding differs from another study on HAP.
Another study reported that HAP was found on arterial
phase images and returned to normal on venous phase
images[15-17]. These special findings warrant further study.
In conclusion, the presence of HAP on enhanced
MRI is common in patients with AP, which presents as
strip-shaped in the hepatic tissue adjacent to the gallbladder and with a patch- or wedge-shaped lobar distribution
in the liver. HAP is most likely caused by increased arterial blood flow attributable to both inflamed gallbladder
and AP, and should not be misinterpreted as other primary liver abnormalities. The presence of HAP on MRI
images cannot be used to determine the severity of AP.

Research frontiers

The abnormal changes in AP are not confined to the pancreas and may affect
the gastrointestinal tract, liver, lung, kidney and skeletal muscle. In the area of
AP, current research has focused on predicting the relationship between the
severity of AP and ex-pancreatic organ abnormality using imaging tools.

Innovations and breakthroughs

In a previous study, HAP due to AP was found using computed tomography.
However, there are no previous reports on the use of magnetic resonance imaging (MRI) to evaluate HAP in AP. the authors study presents information on
HAP in patients with AP by using MRI, and discusses the morphology, cause,
prevalence, distribution, and pathogenesis of HAP and any association with the
severity of AP.

Applications

The study results suggest that HAP on enhanced MRI presents as strip-shaped
in the hepatic tissue adjacent to the gallbladder, and as patch-shaped or
wedge-shaped with lobar distribution in the liver. HAP on MRI cannot be used
to determine the severity of AP.

Terminology

HAP is defined as an area with a hepatic parenchymal enhancement difference
on arterial phase images that returns to the same signal intensity on venous
phase images and delayed phase images compared with the surrounding normal hepatic tissues.

Peer review

This is a good descriptive study in which the authors analyze HAP due to AP
visible by MRI. The results are interesting and suggest that HAP is common in
AP and cannot be used to determine the severity of AP.

REFERENCES
1
2
3

4

5

6
7

8

COMMENTS
COMMENTS
Background

9

In acute pancreatitis (AP), ex-pancreatic organ abnormality is a feature of

WJR|www.wjgnet.com

496

Cuthbertson CM, Christophi C. Disturbances of the microcirculation in acute pancreatitis. Br J Surg 2006; 93: 518-530
[PMID: 16607683 DOI: 10.1002/bjs.5316]
Zhou ZG, Chen YD, Sun W, Chen Z. Pancreatic microcirculatory impairment in experimental acute pancreatitis in rats.
World J Gastroenterol 2002; 8: 933-936 [PMID: 12378645]
Beattie GC, Hardman JG, Redhead D, Siriwardena AK. Evidence for a central role for selective mesenteric angiography
in the management of the major vascular complications of
pancreatitis. Am J Surg 2003; 185: 96-102 [PMID: 12559436
DOI: 10.1016/S0002-9610(02)01199-6]
Bergert H, Hinterseher I, Kersting S, Leonhardt J, Bloomenthal A, Saeger HD. Management and outcome of hemorrhage
due to arterial pseudoaneurysms in pancreatitis. Surgery 2005;
137: 323-328 [PMID: 15746787 DOI: 10.1016/j.surg.2004.10.009]
Inoue K, Hirota M, Beppu T, Ishiko T, Kimura Y, Maeda K,
Ogawa M. Angiographic features in acute pancreatitis: the
severity of abdominal vessel ischemic change reflects the
severity of acute pancreatitis. JOP 2003; 4: 207-213 [PMID:
14614201]
Schiller WR, Anderson MC. Microcirculation of the normal
and inflamed canine pancreas. Ann Surg 1975; 181: 466-470
[PMID: 1130866]
Chen HM, Sunamura M, Shibuya K, Yamauchi JI, Sakai Y,
Fukuyama S, Mikami Y, Takeda K, Matsuno S. Early microcirculatory derangement in mild and severe pancreatitis
models in mice. Surg Today 2001; 31: 634-642 [PMID: 11495159
DOI: 10.1007/s005950170098]
Kelly DM, McEntee GP, McGeeney KF, Fitzpatrick JM. Microvasculature of the pancreas, liver, and kidney in ceruleininduced pancreatitis. Arch Surg 1993; 128: 293-295 [PMID:
8442685 DOI: 10.1001/archsurg.1993.01420150049009]
Dobosz M, Mionskowska L, Hac S, Dobrowolski S, Dymecki
D, Wajda Z. Heparin improves organ microcirculatory dis-

December 28, 2013|Volume 5|Issue 12|

Tang W et al . Hepatic abnormal perfusion in acute pancreatitis

10

11

12

13

14

15

16

17

18

19

20

turbances in caerulein-induced acute pancreatitis in rats.
World J Gastroenterol 2004; 10: 2553-2556 [PMID: 15300904]
Foitzik T, Eibl G, Hotz B, Hotz H, Kahrau S, Kasten C, Schneider P, Buhr HJ. Persistent multiple organ microcirculatory
disorders in severe acute pancreatitis: experimental findings
and clinical implications. Dig Dis Sci 2002; 47: 130-138 [PMID:
11837713]
Nishiwaki H, Ko I, Hiura A, Ha SS, Satake K, Sowa M. Renal
microcirculation in experimental acute pancreatitis of dogs.
Ren Fail 1993; 15: 27-31 [PMID: 8441833 DOI: 10.3109/088602
29309065568]
Yang R, Jing ZL, Zhang XM, Tang W, Xiao B, Huang XH,
Yang L, Feng ZS. MR imaging of acute pancreatitis: correlation of abdominal wall edema with severity scores. Eur J
Radiol 2012; 81: 3041-3047 [PMID: 22571930 DOI: 10.1016/
j.ejrad.2012.04.005]
Ji YF, Zhang XM, Li XH, Jing ZL, Huang XH, Yang L, Zhai
ZH. Gallbladder patterns in acute pancreatitis: an MRI
study. Acad Radiol 2012; 19: 571-578 [PMID: 22366559 DOI:
10.1016/j.acra.2012.01.004]
Arita T, Matsunaga N, Takano K, Hara A, Fujita T, Honjo
K. Hepatic perfusion abnormalities in acute pancreatitis: CT
appearance and clinical importance. Abdom Imaging 1999; 24:
157-162 [PMID: 10024402 DOI: 10.1007/s002619900466]
Colagrande S, Centi N, Galdiero R, Ragozzino A. Transient
hepatic intensity differences: part 1, Those associated with
focal lesions. AJR Am J Roentgenol 2007; 188: 154-159 [PMID:
17179358 DOI: 10.2214/AJR.05.1368]
Colagrande S, Centi N, Galdiero R, Ragozzino A. Transient
hepatic intensity differences: part 2, Those not associated
with focal lesions. AJR Am J Roentgenol 2007; 188: 160-166
[PMID: 17179359 DOI: 10.2214/AJR.05.1367]
Lupescu IG, Grasu M, Capsa R, Pitrop A, Georgescu SA.
Hepatic perfusion disorders: Computer-tomographic and
magnetic resonance imaging. J Gastrointestin Liver Dis 2006;
15: 273-279 [PMID: 17013453]
Arvanitakis M, Koustiani G, Gantzarou A, Grollios G, Tsitouridis I, Haritandi-Kouridou A, Dimitriadis A, Arvanitakis
C. Staging of severity and prognosis of acute pancreatitis by
computed tomography and magnetic resonance imaging-a
comparative study. Dig Liver Dis 2007; 39: 473-482 [PMID:
17363349 DOI: 10.1016/j.dld.2007.01.015]
Tang W, Zhang XM, Xiao B, Zeng NL, Pan HS, Feng ZS, Xu
XX. Magnetic resonance imaging versus Acute Physiology
And Chronic Healthy Evaluation II score in predicting the
severity of acute pancreatitis. Eur J Radiol 2011; 80: 637-642
[PMID: 20843620 DOI: 10.1016/j.ejrad.2010.08.020]
Arvanitakis M, Delhaye M, De Maertelaere V, Bali M, Winant C, Coppens E, Jeanmart J, Zalcman M, Van Gansbeke
D, Devière J, Matos C. Computed tomography and magnetic
resonance imaging in the assessment of acute pancreatitis.

21

22

23

24

25
26
27

28

29

30

31

32

Gastroenterology 2004; 126: 715-723 [PMID: 14988825 DOI:
10.1053/j.gastro.2003.12.006]
Smith EA, Dillman JR, Elsayes KM, Menias CO, Bude RO.
Cross-sectional imaging of acute and chronic gallbladder inflammatory disease. AJR Am J Roentgenol 2009; 192: 188-196
[PMID: 19098200 DOI: 10.2214/AJR.07.3803]
Altun E, Semelka RC, Elias J, Braga L, Voultsinos V, Patel J,
Balci NC, Woosley JT. Acute cholecystitis: MR findings and
differentiation from chronic cholecystitis. Radiology 2007; 244:
174-183 [PMID: 17581902 DOI: 10.1148/radiol.2441060920]
Songür Y, Temuçin G, Sahin B. Endoscopic ultrasonography
in the evaluation of dilated common bile duct. J Clin Gastroenterol 2001; 33: 302-305 [PMID: 11588544 DOI: 10.1097/0000
4836-200110000-00009]
Lecesne R, Taourel P, Bret PM, Atri M, Reinhold C. Acute
pancreatitis: interobserver agreement and correlation of CT
and MR cholangiopancreatography with outcome. Radiology
1999; 211: 727-735 [PMID: 10352598]
Kimura W. Surgical anatomy of the pancreas for limited resection. J Hepatobiliary Pancreat Surg 2000; 7: 473-479 [PMID:
11180873 DOI: 10.1007/s005340070017]
Jaffray C, Yang J, Norman J. Elastase mimics pancreatitis-induced hepatic injury via inflammatory mediators. J Surg Res
2000; 90: 95-101 [PMID: 10792947 DOI: 10.1006/jsre.2000.5832]
Zhang XM, Mitchell DG, Byun JH, Verma SK, Bergin D,
Witkiewicz A. Gallbladder abnormalities in carcinoma
of pancreatic head: findings on MR imaging. Abdom Imaging 2009; 34: 507-513 [PMID: 18546035 DOI: 10.1007/
s00261-008-9422-6]
Meyers MA, Oliphant M, Berne AS, Feldberg MA. The peritoneal ligaments and mesenteries: pathways of intraabdominal spread of disease. Radiology 1987; 163: 593-604 [PMID:
3575702]
Fujiwara T, Takehara Y, Ichijo K, Tooyama N, Kodaira N,
Yamamoto H, Watahiki H. Anterior extension of acute pancreatitis: CT findings. J Comput Assist Tomogr 1995; 19: 963-966
[PMID: 8537534 DOI: 10.1097/00004728-199511000-00023]
Siegelman SS, Copeland BE, Saba GP, Cameron JL, Sanders RC, Zerhouni EA. CT of fluid collections associated with
pancreatitis. AJR Am J Roentgenol 1980; 134: 1121-1132 [PMID:
6770619 DOI: 10.2214/ajr.134.6.1121]
Yamashita K, Jin MJ, Hirose Y, Morikawa M, Sumioka H,
Itoh K, Konish J. CT finding of transient focal increased attenuation of the liver adjacent to the gallbladder in acute
cholecystitis. AJR Am J Roentgenol 1995; 164: 343-346 [PMID:
7839966 DOI: 10.2214/ajr.164.2.7839966]
Matsui O, Takashima T, Kadoya M, Konishi H, Kawamura I,
Hirose J, Kameyama T, Chohtou S. Staining in the liver surrounding gallbladder fossa on hepatic arteriography caused
by increased cystic venous drainage. Gastrointest Radiol 1987;
12: 307-312 [PMID: 2442058 DOI: 10.1007/BF01885168]
P- Reviewers: Pan CX, Sun ZH, S- Editor: Ma YJ
L- Editor: Wang TQ E- Editor: Liu SQ

WJR|www.wjgnet.com

497

December 28, 2013|Volume 5|Issue 12|

WJ R

World Journal of
Radiology

Online Submissions: http://www.wjgnet.com/esps/
bpgoffice@wjgnet.com
doi:10.4329/wjr.v5.i12.498

World J Radiol 2013 December 28; 5(12): 498-502
ISSN 1949-8470 (online)
© 2013 Baishideng Publishing Group Co., Limited. All rights reserved.

CASE REPORT
18

Dynamic F-fluorodeoxyglucose positron emission
tomography/CT in hibernoma: enhanced tracer uptake
mimicking liposarcoma
Christos Sachpekidis, Safwan Roumia, Matthias Schwarzbach, Antonia Dimitrakopoulou-Strauss
tal approach based on fractal dimension revealed also
enhanced values. However, final diagnosis was based
on biopsy, which revealed hibernoma, a benign brown
fat tumor. Brown adipose contains increased numbers
of mitochondria and a high-rate of glucose metabolism. Therefore, they have increased FDG uptake. The
evaluation of lipomatous lesions on CT, with high FDG
uptake, should include the possibility of hibernoma as
a differential diagnosis.
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Core tip: We report on two cases of patients with fatequivalent masses in computed tomography (CT),
referred to our department for dynamic positron emis18
sion tomography/CT (dPET/CT) with F-fluorodeoxy18
glucose ( F-FDG) in order to investigate their dignity.
Both qualitative and quantitative information, as derived from dPET/CTs, couldn’t exclude a high-grade
liposarcoma. The evaluation of lipomatous lesions on
CT, with high FDG uptake, should include the possibility of hibernoma as a differential diagnosis.

Abstract
We report on two cases of patients with fat-equivalent
masses in computed tomography (CT), referred to our
department for dynamic positron emission tomogra18
18
phy/CT (dPET/CT) with F-fluorodeoxyglucose ( FFDG) in order to investigate their dignity. Both qualitative and quantitative information, as derived from
dPET/CTs, couldn’t exclude a high-grade liposarcoma:
Visual evaluation, revealed a large hypermetabolic
18
focus of intense F-FDG uptake in each patient (average SUVs 8.3 and 11.3). Regression-based parametric
imaging demonstrated an enhanced distribution volume, which correlates to perfusion, and a high phosphorylation rate that correlates to cell viability. Kinetic
analysis, based on a two-tissue compartment model
demonstrated an enhanced FDG transport k1 and an
enhanced phosphorylation rate k3. A non-compartmen-
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INTRODUCTION
Hibernomas are benign soft tissue tumors arising from
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A

brown adipose tissue. Their pathogenesis is unknown
and they give no symptoms. They are distinctly rare accounting for 1.6% of benign lipomatous tumors and
approximately 1.1% of all adipocytic tumors[1]. Their
peak incidence is in the third and fourth decades of life.
Hibernomas are usually found in sites where brown fat
persists beyond fetal life e.g., shoulder, neck, retroperitoneum, back, thorax. As neither malignant transformation
nor recurrence is expected, complete surgical resection
is the treatment of choice[1,2]. The evaluation of hibernomas is a diagnostic challenge not only because of the
rarity of the disease, but also because they are asymptomatic and present with atypical, non-specific imaging
findings. Herein, we report on two cases of patients with
fat-equivalent masses in computed tomography (CT) referred to our department for dynamic positron emission
tomography/CT (dPET/CT) with 18F-fluorodeoxyglucose (18F-FDG). The main indication for their referral
was the investigation of their metabolism and, more
specifically, the differential diagnosis between lipomas
and liposarcomas.

215

40

-135

R

30075

215

15037

40

0

L

-135

B

CASE REPORT
Two female patients (35 and 46 years old) were referred
to our department from the surgical clinic for 18F-FDG
dPET/CT. These, otherwise healthy, patients demonstrated well-circumscribed fat-equivalent masses in CT in
the anatomical areas of the retroperitoneum (7.8 cm ×
10.2 cm × 17 cm) and the left upper arm (7 cm × 3 cm
× 10 cm) respectively (Figure 1). The patients had also
already gone through magnetic resonance imaging (MRI)
that demonstrated a slight enhancement of contrast
material without infiltration of the surrounding tissues;
therefore, liposarcomas could not be excluded. The main
indication for the referral of the patients for PET/CT
was the metabolic/functional characterization of these
masses, so that further information regarding their dignity would be derived. Moreover, whole body evaluation
for potential metastases before treatment was another
indication for the PET/CT scan.
The patients underwent dPET/CT after bolus application of 18F-FDG. Evaluation of dPET/CTs was based
on visual qualitative assessment of the fused PET/CT
images, SUV calculation, parametric imaging, and absolute
quantitative evaluation after application of a two-tissue
compartment model and a non-compartment analysis.
PET/CT images of the patients demonstrated two large
hypermetabolic foci in the right retroperitoneum and the
left medial part of the left upper arm (Figure 1). The average SUVs of these masses were 8.3 and 7.7, while their
maximum SUVs were 11.3 and 13.5 respectively.
Regression-based parametric imaging was performed,
leading to the calculation of intercept- and slope-parametric images. Intercept images revealed an enhanced
distribution volume in both lesions, finding related to
enhanced perfusion and blood volume; slope images
demonstrated also an enhanced signal, implying a high
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Figure 1 computed tomography and magnetic resonance imaging. A:
computed tomography (upper row) and fused positron emission tomography/CT (PET/CT) (lower row) images of the retroperitoneal tumor; B: magnetic
resonance imaging (upper row), CT (middle row) and fused positron emission
tomography/CT (PET/CT) (lower low) images of the tumor located in the left
upper arm. magnetic resonance imaging demonstrates a well-circumscribed
mass without infiltration of the surrounding tissues. CT reveals a fat-equivalent
mass, while PET/CT demonstrates intense fluorodeoxyglucose accumulation in
the tumor area. CT: Computed tomography.
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Figure 2 18F-fluorodeoxyglucose positron emission tomography study. A: 18F-fluorodeoxyglucose (18F-FDG) positron emission tomography (PET) study of the
retroperitoneal tumor; B: 18F-FDG PET study of the left upper arm tumor. Left row, FDG images (55-60 min after tracer injection) demonstrating an enhanced uptake in
the left upper arm. Middle row, parametric images of the slope demonstrating an intense signal in the tumor area. Right row parametric images of the intercept demonstrating also an enhancement within the tumor area. The coordinate figure, corresponding time-activity curve of the 18F-FDG kinetics after application of a two-tissue
compartment model.

phosphorylation rate, which is related to cell viability
(Figure 2)[3].
The application of a two-tissue compartment model
led to the extraction of 18F-FDG kinetic parameters that
had high values. In particular, the parameter k1, an indicator of intracellular FDG transport, had the values of
0.161 and 0.183 in the two tumors, while the indice k3,
which is a parameter of phosphorylation rate, was 0.139
and 0.269 respectively (Figure 2). A non-compartmental
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approach was also performed resulting in the acquisition
of fractal dimension (FD), a parameter of tissue heterogeneity[4]. This analysis also revealed high FD values for
the two patients (1.265 and 1.358 respectively).
Both qualitative and quantitative evaluation of
dPET/CT studies revealed two tumors of highly active
metabolism and perfusion. The features of these tumors
led to the exclusion of lipomas as a potential diagnosis,
rendering higher the possibility of high grade liposar-
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comas. Although, their characteristics were not typical
of this entity, since liposarcomas don’t present with so
intense characteristics in dPET/CT according to our
experience, it was not possible to exclude a liposarcoma
based on the PET data exclusively[5].
Final diagnosis was based on CT-guided biopsy,
which revealed a hibernoma. The patients were treated
with complete surgical resection of their tumors.

specific. Lipomas appear on CT identical to subcutaneous fat demonstrating a homogeneous low attenuation,
and no enhancement after administration of intravenous
contrast. Similarly, on MRI signal intensity of a lipoma is
identical to that of the subcutaneous adipose tissue on all
pulse sequence. Regarding liposarcoma, its appearance on
CT and MRI reflects the degree of tumor differentiation;
the more differentiated the tumor, the more it resembles
adipose fat tissue. Well-differentiated liposarcomas present as predominantly fat masses (at least 75% adipose tissue) with septa of variable thickness and shape. The other
histologic subtypes of liposarcoma appear radiologically
as tumors that typically contain less fat with significant
amounts of soft-tissue, thus resulting in inhomogeneous
CT and signal intensity (MRI)[11,12].
Despite their benign nature, many studies have shown
that hibernomas demonstrate increased 18F-FDG uptake in PET[13-15]. Moreover, the intense 18F-FDG uptake
observed in hibernomas has been proposed as a very
meaningful technique to differentiate these tumors from
liposarcomas[16]. In clinical oncological practice, increased
FDG uptake raises the concern of a suspected mass to
be malignant. However, 18F-FDG is not a specific tumor
tracer; any cause of increased glucose consumption can
lead to enhanced FDG uptake. Brown fat uptake is a
known, well-documented, normal variant of FDG uptake[17]. Brown adipose tissue contains increased numbers
of mitochondria and a high rate of glucose metabolism.
Therefore, brown fat cells have increased FDG uptake
because of their high level of glucose metabolism rather
than from tumor growth activity. This explains the intense
FDG uptake of hibernomas, despite their lack of malignant potential. Except 18F-FDG, other PET radiotracers
have also been studied in soft tissue sarcomas; our group
has evaluated the behavior of carbon-11-labeled aminoisobutyric acid and oxygen-15-labeled water (15O-labeled
water) in eleven histopathologically confirmed soft tissue
sarcoma patients. Both radiotracers showed an increased
activity in viable tumor with a significant differentiation
from normal tissue, however the results were not tumorspecific[18].
In our cases, two well-circumscribed, fat-equivalent on
CT masses were detected in two female patients of 35 and
46 years old. Both masses demonstrated very high FDG
uptake on dPET/CT, with SUVs significantly higher
than even SUVs detected in sarcomas[5]. Moreover, their
parametric (intercept, slope) images were positive, indicating both enhanced perfusion and phosphorylation. The
application of two-tissue compartment analysis and noncompartmental modeling also demonstrated high values
(k1, k3, FD), rendering malignancy (high grade liposarcoma
in our cases) a more possible diagnosis than a benign tumor (lipoma)[5,19]. However, despite all these malignancyindicating qualitative and quantitative PET/CT findings,
histopathology proved that both masses were benign and
were characterized as hibernomas. Therapists moved on
with complete tumor excision.
Hibernomas may be a diagnostic challenge based on
the imaging findings, since they mimic often malignant

DISCUSSION
Hibernomas are benign, asymptomatic brown fat tumors
with no malignant potential. They usually occur in the
third to fourth decade of life, earlier than other soft tissue
tumors. Macroscopically, they are well defined, encapsulated, hypervascular and soft, while their color ranges
from tan to red brown, depending on the amount of intracellular lipids[6]. From a microscopical perspective, the
tumor is characterized by the “hibernoma cells”. These
are large multivacuolated fat cells with eccentric nuclei,
no/rare atypia and a small single round central nucleolus.
There have been recognized four histologic variants of
hibernomas: typical, myxoid, lipoma-like, and spindle cell
hibernoma, all of them with a benign course[1]. Lipomas,
the most common soft tissue tumors, typically occur in
the fifth to sixth decade. Macroscopically, they are wellcircumscribed masses, usually encapsulated, with a distinct
lobular pattern. They have a pale yellow to tan color, with
a lobular to smooth and variably greasy to myxoid cut surface. Microscopically, the mass consists of uniform in size
and shape mature fat cells (adipocytes), while fat necrosis
and other inflammatory changes may be seen when lipomas are traumatised[7]. Liposarcomas, on the other hand
are the second most common soft tissue sarcomas following malignant fibrous histiocytomas[8]. They are typically
deep seated and tend to affect adults between the ages of
40 and 60. The histologic spectrum of liposarcomas is
very wide which is also reflected in the tumor’s imaging.
Liposarcomas are classified into four main groups: well
differentiated (low grade; most common subtype), dedifferentiated (low grade), myxoid (intermediate grade) and
pleomorphic liposarcomas (high grade)[9].
Since hibernomas are typically slow growing and asymptomatic, their early diagnosis is difficult. Differential
diagnosis is not simple and includes lipoma, liposarcoma,
rhabdomyosarcoma, resolving hematoma, and giant cell
tumor; in the pediatric population, one should consider
rhabdomyosarcoma and lymphoma. Therefore, imaging
modalities are crucial in tumor detection and characterization. Among anatomical imaging modalities, CT and
MRI play the most important role. CT depicts hibernoma
as a well-defined mass with signal intensity intermediate
between subcutaneous fat and muscle, which enhances
variably after contrast injection[6]. MRI also shows the
well-circumscribed mass, which, on T1- and T2-weighted
images demonstrates high signal intensity but slightly
less than that of the subcutaneous fat[10]. Although these
radiologic findings help in differentiation and exclusion
of some other tumor types, they are not hibernoma-
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lesions. The evaluation of lipomatous lesions on CT, with
high FDG uptake, should include the possibility of hibernoma as a differential diagnosis.

4

5

COMMENTS
COMMENTS
Case characteristics

Hibernoma is a distinctly rare tumor, without specific symptoms or imaging features, representing therefore a diagnostic challenge.

6

Clinical diagnosis

We describe two cases of lipomatous tumors in two otherwise asymptomatic
patients, eventually found out to suffer from hibernomas.

7

Differential diagnosis

8

Differential diagnosis is not simple and includes lipoma, liposarcoma, rhabdomyosarcoma, resolving hematoma, and giant cell tumor.

Laboratory diagnosis

No specific tumor marker or other biochemical index is specifically raised in the tumor.

9

Imaging diagnosis

magnetic resonance imaging demonstrated well-circumscribed masses without
infiltration of the surrounding tissues, computed tomography (CT) revealed fatequivalent masses, while positron emission tomography/CT (PET/CT) demonstrated intense fluorodeoxyglucose (FDG) accumulation in the tumor areas.

10

Pathological diagnosis

CT-guided biopsy revealed hibernomas.

11

Treatment

Total surgical resection.

12

Term explanation

Dynamic PET/CT (dPET/CT) is an imaging modality that (in contrary to “classical” whole body PET/CT protocols) is based on dynamic scanning of the patient
after bolus iv injection of a radiotracer. In addition to the standard diagnostic
information acquired from static whole-body PET/CT studies, dPET/CT allows absolute quantitative data acquisition, based on compartment and noncompartment modeling, and furthermore renders possible the calculation of
parametric images.

13

Experiences and lessons

14

In masses that appear as fat-equivalent on CT and also demonstrate enhanced
FDG uptake on PET, the diagnosis of hibernoma should be considered.

Peer review

The authors first published dynamic PET/CT study in the rare tumor hibernoma.
The semi-quantitative data (after SUV calculations), the absolute quantitative
data (after application of two-tissue compartment modeling and non-compartment modeling) and parametric images that our group presents, are the first
published for hibernomas.
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